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The new berths at North and South Queensferry - i 
for the ferry across the Firth of Forth have been ae 
constructed of Larssen steel sheet piling and 
Larssen box piles. A No. 7 McKiernan-Terry 
hammer was used for driving the piling. 
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Civil Engineer to the British Transport Commission (Scottish Region) 
IAN R. FRAZER, ESQ., M.1.C.E. 


Contractors 
GEORGE WIMPEY & CO., LTD. 


THE BRITISH STEEL PILING CO. LTD. See 
KINGS HOUSE, 10 HAYMARKET, LONDON, 5.W:4 ; 
Telephone : Trafalgar 1024/8 Telegrams: Pilingdom, Lesquare, London ; mh a 
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FOR COMFORT AT WORK 
AND SAVING IN FUEL 


You can expect considerable savings in your fuel bill 
with Brightrad Radiant Panels. They also provide most 
comfortable working conditions, for they radiate heat 
where it is most needed and can be regulated as required. 
You would be interested in the booklet: ‘‘ Heating and 
Air Treatment in Industry”, a copy of which will gladly 
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Train Derailment at Sutton Coldfield 


On Sunday last, January 23rd, the London 
idland Region 12.15 p.m. train from York to 
stol was derailed whilst passing Sutton Cold- 
if Station, near Birmingham, at 4.15 p.m. 
a result of this accident seventeen people lost 
ir lives and about forty were injured. It 
ould appear that the train was passing round a 
fihand curve when the derailment occurred. 
jomally this train runs via Tamworth, but on 
is occasion it had been diverted to a loop line 
ysing through Sutton Coldfield, as repairs 
re in hand on the main line near Tamworth. 
or this reason a pilot driver was also on duty on 
» footplate with the usual driver and fireman. 
a result of the derailment the locomotive was 
brown over on to its side and nine of the ten 
naches of the train left the tracks. Reports 
wy that the leading coaches were telescoped, 

‘0 of them being thrown on top of the loco- 
otive and three others thrown on to their sides. 
amongst those killed were the pilot driver and 
freman, Whilst the driver of the train was 
seriously injured. 


Imperial College Expansion Plans 

Tue forty-seventh annual report of the govern- 
ing body of the Imperial College of Science and 
Technology, which has just been issued, records 
the progress made with plans for expanding the 
work of the college. The report covers the year 
ended July 31, 1954, during which period licences 
were granted for the erection of an additional 
storey over the Goldsmiths’ Company’s extension 
to the City and Guilds College and the Royal 
School of Mines building, at a cost of £269,075 ; 
the first part of the extension of the chemical 
engineering building at a cost of £35,717 ; and 
the addition of two storeys to the union building, 
ata cost of £198,883. There is also reference in 
the report to the new joint building for aero- 
nautics and for the further extension of chemical 
engineering. Work is continuing unremittingly, 
the report adds, so that plans for physical expan- 
sion may be advanced in sufficient detail to 
permit the erection of further buildings as and 
when sites become available. The report goes 
on to say that the academic plan envisages a 
much greater rate of increase in the engineering 
faculty than in the science faculty, and a post- 
graduate increase of about 160 per cent, against 
an undergraduate increase of about 44 per cent. 
The aim is to accelerate a tendency that has for 
many years shown itself and to provide eventually 
for about 1500 undergraduate students and 1500 
post-graduates, with perhaps one-half of the 
latter engaged in research and the other half 
taking special courses. With the aid of a modest 
increase in the recurrent grant for 1954-55, the 
report states, and the income from American 
counterpart funds, the University hopes to be able 
0 appoint professors of applied science with 
special reference to engineering, soil mechanics, 
Statistics, applied geophysics, and heavy electri- 
calengineering. The new chair of heavy electrical 
engineering and the new readership in production 
engineering have been financed from sums placed 
at the disposal of the University, arising from the 
Government programme for the expenditure of 
the counterpart funds. 


Lloyd’s Shipbuilding Returns 


TuE shipbuilding returns for the quarter ended 
December 31, 1954, have been published by 
Lloyd’s Register of Shipping and show that 
327 steamships and motorships, totalling 
2,140,752 tons gross, were under construction in 
Great Britain and Northern Ireland. Of the 
total 97 ships of 569,994 tons were fitting out and 
230 ships of 1,570,758 tons were still to be 
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launched. During the quarter, 75 ships of 
437,376 tons were commenced, the highest total 
since the war, 75 ships of 350,632 tons were 
launched, while 64 ships, representing 356,736 
tons, were completed. Of the total tonnage, 
36-2 per cent was for registration abroad, while 
52-5 per cent of the tonnage was represented by 
86 oil tankers of 1,123,008 tons. The volume of 
orders for ships for which plans have been 
approved fell to 1,491,493 tons, compared with 
the peak figure of 2,684,263 tons in September, 
1952. Abroad, the work in hand, excluding 
China, Poland and Russia, amounted to 842 
ships of 3,713,495 tons gross, and during the 
quarter 337 ships of 1,082,159 tons were com- 
menced, 273 ships of 999,186 tons were launched, 
and 240 ships of 826,806 tons were completed. 
The total of oil tankers under construction was 
157 ships of 1,975,218 tons, or 53-2 per cent of 
the total tonnage being built. Throughout the 
world a total of 1169 steamships and motorships 
of 5,854,247 tons gross were under construction, 
of which 36-6 per cent was building in Great 
Britain and Northern Ireland. The ships being 
built include 93 of between 6000 and 8000 
tons each, 67 ships of between 8000 and 10,000 
tons, 135 ships of between 10,000 and 15,000 
tons, 45 ships of between 15,000 and 20,000 tons, 
47 ships of between 20,000 and 30,000 tons, and 
3 ships between 30,000 and 31,000 tons gross. 
Oil tankers under construction totalled 243 ships 
of 3,098,226 tons and represented 52-9 per cent of 
the total tonnage building, compared with 58-5 
per cent for the previous quarter. In Great 
Britain and Northern Ireland 1,236,896 tons of 
steamships and 903,856 tons of motorships were 
under construction, the comparative figures for 
abroad being 1,449,252 tons and 2,264,243 tons 
respectively. A total of 3,802,615 tons gross, or 
65 per cent of the world construction, was under 
the inspection of Lloyd’s Register, and of this 
total 1,962,007 tons were being built in Great 
Britain and Northern Ireland and 1,840,608 tons 
were being built abroad. 


North-East Coast Institution of Engineers 
and Shipbuilders 

On Friday, January ist, the annual dinner of 
the North-East Coast Institution of Engineers 
and Shipbuilders was held in the Old Assembly 
Rooms, Newcastle upon Tyne, and was attended 
by nearly 500 members, their ladies and their 
guests, with the president, Mr. P. L. Jones, M.C., 
in the chair. Following the loyal toast, that of 
“Our Guests ” was proposed by the president. 
In reply to the toast, the Minister of Transport 
and Civil Aviation, Mr. Boyd-Carpenter, com- 
mented that shipbuilding had a history which 
was Closely linked with the history of the country. 
He went on to refer to the 1,500,000 tons of ships 
built by British yards in 1954, and remarked 
that in some quarters the drop in the num- 
ber of contracts placed with shipbuilders had 
given rise to anxiety about the state of the order 
books. He felt, however, that the reduction in 
the backlog of tonnage would be more likely to 
stimulate the ordering of new ships. The Mini- 
ster then broadly reviewed the progress made in 
technical matters, making particular reference to 
the work being carried out on the North-East 
Coast, and continued by commenting upon the 
increased facilities in the area, such as more dry 
docks, to the construction of which the Govern- 
ment attached considerable importance. The 
need to possess the lead in technical. efficiency 
was of considerable importance to this country, 
and the Minister said he was sure that specialised 
knowledge in shipbuilding and marine engineer- 
ing on the North-East Coast would make its con- 
tribution to the prosperity of the nation in the 
second half of the century. The toast of “‘ The 





Institution,” to which the president replied, 
was proposed by the Lord Mayor, Colonel R. 
Mould-Graham, who commented on the large 
membership both at home and overseas. At the 
conclusion of the dinner there was a conver- 
sazione, followed by dancing. 


Presentation of Portrait to Institute of 
Metals 


Last Tuesday evening, a pleasant ceremony 
took place at the Institute of Metals, 4, Grosvenor 
Gardens, London. On behalf of the Council 
of the Institution of Mechanical Engineers, 
Dr. R. W. Bailey, president, unveiled a portrait 
in oils of Sir William White, which that Institu- 
tion has presented to the Institute of Metals. 
Sir William White was, of course, founder- 
president of the Institute. Dr. Bailey, who was 
welcomed by Dr. Dorey, president of the Institute 
of Metals, said that Sir William White was 
president of the Institution of Mechanical 
Engineers in 1899 and 1900, and it was eight 
years later that he became founder-president 
of the Institute. The “‘ Mechanicals ” was born 
in Birmingham in 1847 ; the first general meeting 
of the ‘‘ Metals’ was also held in that city, 
and its subsequent annual general meeting in 
1909 was held in the Mechanicals’ building. 
So began a friendly link between the two bodies 
which had been happily maintained ever since. 
Many eminent men had been prominent in the 
activities of both bodies and he did not doubt 
that there was a large number of members 
common to both societies. In reply, Dr. Dorey 
expressed how much the members of the Institute 
appreciated the generosity of the Council of 
the Institution of Mechanical Engineers and 
thanked Dr. Bailey on their behalf. Dr. Maurice 
Cook, president-elect of the Institute, also 
expressed its thanks. 


Measuring and Control Apparatus 
Manufacturers’ Association 


THE annual luncheon of the British Industrial 
Measuring and Control Apparatus Manufac- 
turers’ Association (Bimcam) took place in 
London on January 18th. Sir Edward Boyle, 
Parliamentary Secretary to the Ministry of 
Supply, duringaspeech, stressed the importance of 
the instrument industry to other branches of the 
economy, including exports, and mentioned the 
work done by the Association with the object of 
assuring high standards and improved techniques. 
He said that the field of automatic control was an 
expanding one, particularly in the Royal 
Ordnance Factories, but the importance of 
instrumentation was being realised more and 
more also by the smaller firms. There was, 
however, a shortage of control engineers, which 
his Ministry, with the Ministry of Education, 
was trying to put right. Sir Roger Duncalfe, 
vice-president of the Federation of British 
Industries, expressed his belief in instrumenta- 
tion as the greatest single factor in the drive 
for increased productivity. With an ageing 
population and the tendency towards shorter 
working hours, we could not afford to use man- 
power where instruments would do the job. 
In this connection, Sir Roger mentioned his 
experiences as deputy chairman of the Beaver 
Committee, and described the instruments which, 
he thought, even a small boiler plant should have 
in order to operate efficiently and without 
emitting smoke. Further standardisation and 
simplification of these instruments were required, 
and in addition, service and maintenance should 
be undertaken by the makers on a contract basis. 
The ultimate cure for “‘ smog ” would need time, 
money and legislation, Sir Roger said, but it was 
a job which should have high priority, 
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Comparison of Electrical Properties 
of Various Cements and Concretes 


By E. HAMMOND* AND T. D. ROBSON* 
No. II—({ Concluded from page 80, January 2\st ) 
Details are given here of direct comparisons, which were made under exactly 
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nitudes of ¥ and R ; when X is of the, 
order, or smaller than R, this effect wil) ¢ 
appreciable. The accepted term, indica: 
the relative contributions of the capatitas 
and resistance in conducting thie Current 
the power factor which may be expreggeq 8: 
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similar conditions, of the electrical properties of concretes using three different When the material is considered tured 
< . . * A “ : as gm mature’ 
kinds of cement—ordinary Portland cement, rapid hardening Portland cement and capacitance and resistance in paralle| theme the resis 
high-alumina (aluminous) cement. Mention is made of the steps taken to reproduce mathematical relationship is : i 
the same test conditions throughout the experimental work to ensure that the = =——s—“‘_—SOSs—ssSSSSeee 100 
results would be comparable. Comparative values of resistance, capacitance and Power factor=1/V1+(2nfCR)' . . (1 
electrical strength are given. Most of the measurements were made on relatively oe yar 
mature cements and concretes but some were made during the early curing period. Preliminary tests indicated that, if ¢ 9 
specimens allowed to mature in air, the q f 
ESISTANCE Temperature Coefficient— lower temperatures, sufficient time being mong 4 Praeger tO the £5 
The possibility of the large effect of allowed for the specimens to attain tempera- pon FE. on metas ot a _ that the e210 
ambient temperature on the resistance meas- ture equality throughout. Thus the resistance a was 00 taaith @ieaker than tae and : 3 
urements has already been mentioned, and temperature coefficient of a specimen con- onan Gat cake ts Ae ration an the resis 's 
it is well known that the resistances of semi- taining an approximately constant amount of im elieet to rl lemddeers an ico 2 ol 
conductors and insulating materials are moisture corresponding to the “ reference Sactor wes conse ae - lie Power & 
greatly affected by temperature. For temperature” may be obtained. In view yi. result was cnadicaed te semults clan . 
instance, Forrest* has pointed out that a of the obvious difficulties, no great accuracy ino the ac. bridge (Fi y 4 — tained ‘ 
change of 2 deg. to 3 deg. Cent. may alter can be claimed, but an average value of the eng chle of rn ss Which 
the resistance of some insulating materials constant a (equation 4) over the range of ora Ps al ond on ntl pe Aneousl 
by over 20 per cent, and confirms that the 5 deg. to 80 deg. Cent. was found to be [oice of frequencies P Ie oa . me Fig. 
resistance temperature coefficient is governed 5500 irrespective of the kind of cement or Pie alae ae i 4 Tabl voy ryt} 
by the formula : concrete. From the results of Spencer’? i)... : et om Yi : 
i obtained over a similar temperature range, : . . 
7,-7,) it may be calculated that ” eg is show. ___ |. San capeemanees Of SM the wale ane 
R,=R,e (3) 2300. The discrepancy is no doubt due to iTesPective of the type of cement, decrease fH ihe va 
; h ch f p “sd . aha with age and as the frequency is increased, (c) 
where R, and R, are the resistances at tem- the character of the latter work, which was 4. The capacitances of the high-alumin ‘ 
perature 7, and T, deg. absolute, and a carried out in ogg and no — specimens tend to be less than those of the po 
is a constant for a particular material. This Precautions cou taken to work with portiand specimens, particularly at the highe . 
formula is an alternative way of expressing Concretes of constant moisture content dried frequencies. yo 
the well-known Hinrichson-Rasch law : at a * reference temperature. 3. The capacitances of the neat cements ao 
a _ (6) A.C. Characteristics.—From the elect- are much greater than those of the corr. sOkV 
log. R=7+6 . (4) rical point of view, a block of concrete Or sponding concretes of similar age. pron 
cement paste may be considered as a com- 4. The resistances of the high-alumin 
The law is usually applicable for most refrac- plex network of resist d i th i oer 
y applicable for most refrac- plex network of resistance and capacitances gnecimens decrease appreciably with increas- 
ials, glasses and similar materials. which may be expressed as single capacit- j; : ° : land 
tory materials, . p gle cap ing frequency whilst this effect is much less MH io th 
some 
TaBLe VI—Effect of Age and Current Frequency on the A.C. Characteristics of Concretes and Neat Cements two t 
rts of th 
: drying Resistance (megohms) Cap e (megohms) Capacitance (microfarads) Br 
Type of specimen Type of cement oe taine 
ter 
curi DC. | 50 500 5000 25,000 50 500 5,000 | 25,000 | 50 500 | 5,000 | 25,000 centt 
(days) c/s c/s c/s c/s c/s c/s c/s c/s c/s c/s c/s | c/s the ¢ 
High alumina 5 - 0-0189 | 0-0173 | 0-0152 | 0-0139 | 0-398 | 0-228 | 0-159 | 0-106 | 0-008 | 0-0014 | 0-0002 | 0-00006 smal 
6 — | 0-0216 | 0-0197 | 0-0171 | 0-0159 | 0-423 | 0-245 | 0-177 | 0-106 | 0-0075 | 0-0013 | 0-00018 | 0-00005 
18 _— 0-0390 0-0351 0-0304 0-0275 0-664 0-398 0-245 0-127 0-0048 | 0-0008 0-00013 | 0-00005 hole. 
; 40 — 0-0652 0-0577 0-0494 | 0-0441 0-91 -569 0-398 0-159 0-0035 | 0-00056 | 0-00008 | 0-00004 
4in cubes 4:2:1 concrete. face. 
External plate electrodes* | Portland 7 | 0-00104 | 0-000938:| 0-000928 | 0- 0-000924 | 0-159 | 0-159 | 0-0637 | 0-0318 | 0-02 | 0-002 | 0-0005 | 0-002 trod 
42 — | 0-00307 | 0-00306 | 0-00303 | 0-00302 | 0-637 | 0-455 | 0-106 | 0-0637 | 0-005 | 0-0007 | 0-0003 | 0-000! 
113 0-009 | 0-00820 0-00800 0-00761 0-00730 1-061 0-398 0-106 0-0637 0-003 0-0008 0-0003 | 0-000! path 
R.H. Portland 39 — 0-00275 0-00273 0-00269 0-00269 0-796 0-398 0-106 0-0637 0-004 0-0008 0-0003 | 0-000i to tl 
High alumina | 138 — | 0-0412 | 0-0360 | 0-0310 | 0-0280 | 0-531 | 0-398 | 0-228 | 0-106 | 0-006 | 0-0008 | 0-00014 | 0-00006 
: 182 — | 0-0526 | 0-0460 | 0-0394 | 0-0353 | 0-692 | 0-424 | 0-289 | 0-127 | 0-0046 | 0-00075 | 0-00011 | 0-00005 
6in cubes 4:2:1 concrete. : | 
Embedded plate electrodest} Portland ...| 126 — 0-00196 0-00194 0-00193 0-00194 0-118 0-228 0-106 0-127 0-027 0-0014 0-0003 | 0-00005 i 
R.H. Portland; 123 _ 0-00158 0-00157 0-00155 0-00154 0-118 0-212 0-0796 0-0318 0-027 0-0015 0-0004 | 0-0002 
High alumina 13 | 0-006 0-00549 0-00478 0- 00408 0-00371 0-0796 0-0413 | 0-0265 0-0212 0-04 0-0077 0-0012 | 0-0003 
Oeecek Teme nite dan] Bestions 9 | 0-00018 | 0-000151 | 0-000147 | 0-000143 | 0-000141 | 0-0091 | 0-0106 | 0-00569 | 0-00318 | 0-35 | 0-03 | 0-0066 | 0-002 iit 
trodest R.H. Portland) 9 | 0-000118 | 0-000118 | 0-000116 | 0-000114 | 0-000120 | 0-00637 | 0-0059 | 0-00637 | 0-00222 | 0-5 | 0-054 | 0-005 | 0-0026 
* Resistivity value = 10 x measured resistances. t Resistivity values=30 x measured resistances (based on total cross section of specimen). t Resistivity values=40 x sneneueed resistansts oe 
It has already been shown that the drying ance, C, connected in parallel with a resist- apparent with the Portland specimens. _ 
effect of elevated temperatures brings the ance. The impedance of the concrete to an 5. The resistances at 50 c/s a.c. do not 
resistance values of concretes and cements alternating current may now be expressed as: _ differ appreciably from the d.c. resistances. 
into the field of semi-conductors, and it is 6. The capacitative reactance of each Er 
therefore not surprising that the Hinrichson- es So (5) Specimen is appreciably greater than its § 4. 
Rasch law has been found to be applicable a -— = resistance. Consequently, the impedance bo 
within the limits of the experiments carried where is almost completely determined by the i 
out. To ensure that the moisture contents ; resistance, and the power factors in all cases in 
of the concretes and cements were maintained 7 Nis on ae ohms. are approximately unity. . 
as constant as possible during the experiment, Bias suet ohms. In certain situations in practice, concrete : 
a procedure was adopted whereby the resist- X= In FCm APacitative reactance, ohms. structures may be subjected to temperatures ni 
ances of the 6in cubes containing 3in square pe piney of cinenesion curreat, cle appreciably above atmospheric. Therefore, : 
embedded electrodes, were measured first Fons ccucenes eat aaah in experiments carried out primarily 0 § y, 
after heat soaking at a “ reference tempera- : : determine the resistance coefficients of the ele 
ture,” and then after cooling to subsequent The effect of the reactance on the total concretes at temperatures up to 80 deg. Cent., : 





* Lafarge Aluminous Cement Company, Ltd. 





impedance is governed by the relative mag- 





the opportunity was taken to determine the 
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, characteristics of the hot concretes 
wbile they were drying out. The results 





obtained are shown in Fig. 9, which indicates 
that, under these conditions, the resistance 
. s ai a greater rate than the capacita- 
tive reactance and eventually exceeds the 

to such an extent that it has very 
jittle effect on the net impedance of the 
coneretes. This condition is, of course, 
irectly opposite to that found for the normal 
tured concretes mentioned above, where 


* resistance is much lower than the capaci- 












































(7) “ui Normal Portland , 
fom Eo — Wa ey 
€ do, & Rapid Hardening Z ~ * 
‘) the A \ Portland 'High-alumina 
the 3 | Vg 
anda 3s e 
i ae 
Uting 3 
OWer 5 
nity, 6 
ined z 
hich ool =O 10 10 100 ‘1,000 
usly Resistance inMegohms (Log. scale) 
Vide ME pg, 9—Effect of progressive artificial drying on the 
rom p of the resistance and capacitative reactance 


VIB of 4:2: 1 concretes (6in cubes—embedded electrodes) 


tative reactance and therefore largely controls 
the value of the impedance. 
(c) Dielectric Strength.—Preliminary at- 
ita tempts to measure the breakdown voltage of 
the 4in concrete cubes matured in air proved un- 
het HF successful as flash-over occurred before the 
necessary voltage was attained. The flash- 
ns HF over occurred at voltages in the region of 


- @ SokV and in the case of the high-alumina. 


cement concrete, the values obtained were 
la approximately 10kV greater than for Port- 
‘ land cement concrete. This is probably due 
SS to the fact that the flashover is governed to 
some extent by the different nature of the 
two types of cement since the surface textures 
of the specimens were similar. 

Breakdown voltages were eventually ob- 
tained by using special 4in cubes containing 
central holes which only partially traversed 
the cube. One electrode was dipped into a 
small pool of mercury at the bottom of the 
hole, whilst the other supported the opposite 
face. Thus, the air path between the elec- 
trodes was considerably greater than the 
path through the concrete which, according 
to the depth of hole, was either 3cm or Scm. 


TaBLe VII—Dielectric Strengths of 4 :2 
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least for the first breakdown. It is rather 
surprising that, despite the much higher mois- 
ture content and, of course, lower resistance 
of the air-dried concrete compared with the 
oven-dried concrete, there was little difference 
in the breakdown values. A similar lack of 
effect of moisture contents up to 40 per cent 
on the breakdown voltage has been noted 
by Rushall®* working with oil-soaked press 
board at a temperature of 20 deg. Cent. ; 
at 90 deg. Cent., however, the breakdown 
voltage was noticeably reduced by 2 per cent 
moisture and it therefore is possible that 
concretes may be similarly affected at higher 
temperatures. 


DISCUSSION AND CONCLUSIONS 


The values of the various electric pro- 
perties which have heen given should serve 
as a guide but it must be stressed that these 
figures will vary according to the size and 
shape of the concrete, the mix, the type and 
grading of aggregate and, perhaps most 
important, the water-cement ratio. 

The values obtained have shown that the 
resistances of the high-alumina cement 
specimens are greater than the Portland 
cement specimens at all ages and under all 
conditions. Since in the case of concretes the 
greater part of the constituents consists of 
identical aggregate, the current must proceed 
for the most part through the network of 
neat cement “ filaments ” in order to account 
for this over-riding effect of cement type. 
On a theoretical basis, the greater resistance 
of the high-alumina cement concrete is 
probably mainly due to the following reasons: 

(a) After gauging, Portland cement re- 
leases a high proportion of free lime which is 
virtually absent from high-alumina cement. 
This results from the completely different 
chemical constitutions of the two cements. 
Portland cement is essentially a mixture of 
calcium silicates, whereas high-alumina 
cement is a mixture of calcium aluminates. 

(b) During the hydration process, high- 
alumina cement combines with a greater 
percentage of the gauging water than the 
Portland cement and the combination occurs 
much more rapidly. It is therefore to be 
expected that the development of the electrical 
resistance of the cements and concretes 
should follow a similar trend. 

The resistivity of concretes may be in- 
creased by special treatment. A typical appli- 
cation has been mentioned by Lambert~*+** 
and Ferrier,* who describe the properties 


: 1 Concretes in Kilovolts per Centimetre 





























] 
} Type of cement in concrete 
Condition of concrete Current No. of 
breakdown 
High Normal Rapid hardening 
| alumina Portland Portland 
D.C. First 17-7 15-9 13-3 
(negative) Second 12-4 11-8 10-6 
Third 12-8 12:5 7:9 
Dried at 105 deg. Cent. and then air cooled ...| 
A.C. First 15-8 14+3 11-9 
|  (S0c/s) Second 12:1 10-3 10-0 
| —peak values Third 9°5 10-0 9-7 
Matured normally in air ...| , Positive — 18-4 144 14-6 
| * impulses | 
| (Cast sec) | 
i ' iu } 








Tests were made on oven-dried concrete 
using high-voltage supplies of both a.c. 
and d.c. but, in the case of concretes matured 
in air at room temperature (and conse- 
quently of comparatively low resistance), it 
was necessary to employ the impulse tech- 
nique. 

The results obtained, which are given in 
Table VII, indicate that in all cases the di- 
electric strength of the high-alumina concrete 
is somewhat greater than the correspond- 
ing values for the Portland concretes, at 











of a specially prepared concrete used for 
making third-rail insulators on French elec- 
tric railways. The concrete was made with 
high-alumina cement, sand and gravel and 
gauged with water containing a bituminous 
emulsion. After hardening, the concrete 
was subjected to thermal treatment and 
finally varnished. It is claimed that such a 
concrete has a high resistivity of 1x 10° 
megohm-centimetre, which compares well 
with the values for the oven-dried con- 
cretes given in Table IV ante. Similarly, the 
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dielectric strength of the special concrete, 
quoted as 10kV per centimetre, is of the 
same order of the values given in Table VII. 

Immediately after prolonged immersion in 
water and while the insulators were dripping 
wet, the flash-over value was about 28kV 
and its resistance was approximately 20 
megohms, whilst both values rapidly increased 
on standing. The operating voltages of the 
lines in which the insulators were incor- 
porated were below |kV in the instances 
cited. This special concrete, incorporating 
high-alumina cement, has also been used for 
casting in toto cap-and-pin insulators for use 
on 500V lines. The neat cement is also 
employed in the manufacture of the normal 
glass and porcelain cap-and-pin insulators*’ 
used on high voltage lines. 

There is undoubtedly a need in many 
industrial applications for a material which, 
though relatively inferior to the normal high- 
grade dielectric, can conform to the less 
stringent specifications of electrical proper- 
ties called for in the cases of fairly large units 
and certain structural work. When used in 
this manner, concrete offers the main 
advantages. of price and ease of casting into 


special shapes. 
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Fire Escape.—The London County Council has 
recently issued a_ revised e of Practice dealing 
with means of escape in case of fire, which supersedes 
all the Council’s previous publications concerning 
safety precautions and escape arrangements. It pro- 
vides in a single short document a guide to the varying 
statutory requirements concerning escape, including the 
London Building Acts, 1930-1939, the London Building 
(Constructional) By-Laws, 1952, the Factories Act, 1937, 
the Public Health (London) Act, 1936, the L.C.C. 
Celluloid, &c.) Act, 1915, and the Council’s Theatre 

egulations. The main changes include: the recognition, 
as an interim place of safety in the process of evacuating 
a building, of a protected staircase and/or corridor, 
thus enabling the one-staircase building to be further 
develo ; the revision and expansion of the classifica- 
tion of the various forms of occupation to include most 
buildings ; the reconsideration of population densities 
in various kinds of buildings in-the light of present-day 
requirements; and the clarification of the requirements 
for stairs, gangways, corridors, enclosures, lifts, doors, 
&c. Modular sizes have also been established for 
Staircase and door widths. The escape require- 
ments for residential properties, including flats and 
maisonnettes have also been revised. Certain relaxations 
are introduced which will particularly affect the current 
trend towards high point-block buildings. The code 
can be obtained (price 6d.) from the County Hall, 
Westminster Bridge Road, S.E.1, or Staples Press, Ltd., 
Mandeville Place, London, W.1. 
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Theory of Plasticity: A Survey of 
Recent Achievements 


By DR. WILLIAM PRAGER, Mem. A.S.M.E.* 
No. IIl—( Concluded from page 83, January 2\st ) 


In the James Clayton Lecture, delivered before the Institution of Mechanical 
Engineers on Friday, January 14th, and printed in part here, the author started 
with a brief historical introduction and then surveyed recent achievements in 
the theory of plasticity with emphasis on applications in mechanical engineering. 
In the following sections the fundamental theorems of limit analysis are discussed 
and their application to two and three-dimensional problems is illustrated by 


examples. 


Shakedown analysis and limit design are defined. Problems involy- 


ing large plastic deformations are discussed with special reference to metal forming 


processes. Applications of the theory 


of plasticity to impact testing and blast 


damage are reviewed. Recent changes in the theory of structural stability in 
the plastic range are mentioned. Throughout the lecture, impending developments 
of the theory of plasticity are indicated. 


LARGE PLASTIC DEFORMATIONS 


S Hill (1951) has shown, the theory of 
limit analysis may be based on the model 

of the rigid, perfectly plastic so&d. Shake- 
down analysis, on the other hand, requires 
the simultaneous consideration of elastic and 
plastic strains ; this is feasible because the 
deformations are treated as infinitesimal. The 
assumption of infinitesimal deformations 
must be abandoned when technological 
forming processes such as rolling or extruding 
are to be discussed. Since, even in the 
theory of elasticity, finite deformations 
constitute a topic of considerable mathe- 
matical difficulty, a theory of finite elastic, 
plastic deformations is not likely to be useful 
in the discussion of these forming processes. 
Like the Newtonian viscous liquid, the 
rigid, perfectly plastic solid is characterised 
by a stress-strain law that links the stress 
to the velocity strain and does not contain 
the strain. Accordingly, the consideration 
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Fig. 8—Extrusion of sheet through rough die": (a) 
in physical plane (after Hill, 1948) ; 


slip-line field 
(6) and (c) images of slip-line field in stress plane and 
hodograph plane (after Prager, 1953) 


of finite deformations will not meet with 
greater mathematical difficulties in a rigid, 
perfectly plastic solid than in a viscous 
liquid where even the most elementary 
problems—for instance, the Poiseuille flow 
through a tube of circular cross section— 
involve finite deformations. Most work 
on large plastic deformations is therefore 
based on the model of the rigid, perfectly 
plastic solid. Moreover, to take advantage 
of the well-developed theory of the slip-line 
field, this work is almost exclusively con- 
cerned with problems of plane plastic flow. 
In problems of steady flow, the stress and 
velocity fields do not change with time. 





Fig. 8a shows a typical example. This 
* Profe f Applied Mechani University, Pr 
fessor oO} te my Brown Uni’ ity, Pro- 


slip-line field for sheet extrusion through a 
rough die is due to Hill (1948c) ; it can be 
constructed by Prager’s (1953c) graphical 
method, which applies to problems of plane 
plastic flow and uses the geometrical relations 
between the physical plane, the stress plane, 
and the hodograph plane. The co-ordinates 
of a point in the stress plane (Fig. 8b) give 
the stress components o;, t,, at the corre- 
sponding point in the physical plane. The 
slip lines in the physical plane are mapped 
on to cycloids in the stress plane that are 
described by the points of the Mohr circles 
as these roll without sliding on the lines 
tzy=ak. The vector from the pole P to a 
point in the hodograph plane (Fig. 8c) repre- 
sents the velocity at the corresponding point 
in the physical plane. Corresponding line 
elements in the stress and hodograph planes 
are parallel to each other and normal to the 
corresponding line element in the physical 
plane. These relations are used to construct, 
mesh by mesh, the slip-line field in the 
physical plane and its images in the stress 
and hodograph planes. The extrusion 
pressure can be evaluated from the stresses 
c; and t,, at the points of the line HFD ; 
these stresses are given by the co-ordinates 
of the corresponding points of the line 
H'F’D’ in the stress plane. 

Numerous two-dimensional problems of 
steady plastic flow relevant to drawing, 
extruding, piercing and machining have 
been treated in recent years (Hill, 1948c ; 
Hill and Tupper, 1948 ; Lee and Shaffer, 
1951). What distinguishes this work from 
earlier attempts (see, for instance, the books 


of Sokolovsky (1946) and van Iterson © 


(1947)) is a better understanding of the 
interplay between static and kinematic 
boundary conditions. In the older literature 
too much attention had been given to the 
construction of statically determinate stress 
fields from appropriate boundary conditions 
on stress. Most practical problems involve 
static and kinematic boundary conditions, 
and the determination of the stresses cannot 
— from that of the velocities (Lee, 
1950). 

Fig. 8a illustrates a typical feature of the 
fields of plane steady flow that have been 
worked out in connection with these tech- 
nological forming processes. While the 
velocity field is defined throughout the con- 
sidered mass, the stress field is defined only 
in the region of plastic flow ABDFHG. The 
extrusion pressure found from this incom- 
plete stress field can be shown to be identical 
with that obtained from the associated 
velocity field by means of the second funda- 
mental theorem of limit analysis (Prager and 
Hodge, 1951, and others). This extrusion 
pressure is therefore an upper bound to the 
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actual extrusion pressure ; it can be 
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as the true extrusion pressure only jf plane st 
stress field can be extended throughout th In all 
rigid regions to the left of HFD and to thf part of 
right of HGAB so as to satisfy the Cquation fam determi 
of equilibrium without exceeding the yigi fim often * 
limit. Little attention has been given to this am These ¢ 
point in the past ; it is to be expected, hoy. fan body is 





ever, that the necessary extensions of 
stress fields proposed for the various form; 
processes will soon be constructed by 
of Bishop’s method (Bishop, 1953), 

Hill, Lee and Tupper (1947b) first “drey 
attention to the problems of pseudo-steg4y 
flow in which the slip-line field, while ot 
remaining fixed as in the problems of Steady 
flow, retains its shape and changes only in 
scale. Fig. 9a shows the slip-line pattem 
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Fig. 9—(a) Indentation of semi-infinite plastic mass 

by lubricated rigid wedge (after Hill, Lee, and Tupper, 

1947) ; (6) squashing of plastic wedge by lubricated 
plate (after Hill, 1948d) 









given by these authors for the indentation 
of a semi-finite plastic mass by a lubricated 
rigid wedge. This pattern preserves its 
shape during the indentation process, but 
increases in size proportional to the depth 
of penetration. According to Hill’s theory 
of the cutting of a wide sheet by a wedge- 
shaped tool, this kind of indentation forms 
the first phase of the cutting process (Hill, 
1953). Essentially the same slip-line pattern 
is used in Lee’s theory of discontinuous 
machining (Lee, 1954). 

Another problem of pseudo-steady flow 
is the squashing of a plastic wedge by a 
lubricated rigid plate (Hill, 1948d). In 
Fig. 9b, the line AOA’ represents the original 
shape of the wedge, and the line PP’ indicates 
the original position of the squashing plate. 
When the plate reaches the position QQ 
the wedge has the shape ABCC’B’A’. Lee 
(1952) used the same slip-line pattern in his 
discussion of the plastic flow in a V-notched 
bar that is pulled under conditions of plane 
strain. The line DEBCC’B’E'D’ in Fig. % 
represents one half of the specimen, the other 
half being obtained by symmetry with 
respect to the line QQ’. As the specimen 1s 
pulled, the slip-line field retains its shape, but 
decreases in size. : 

As a rule the slip-line field changes its 
shape during unsteady plastic flow. Problems 
of this kind can be treated by using numerical 
or graphical methods of integrating the 
fundamental equations of plane plastic flow 
and following step by step the deformation 
of the boundaries of the plastic mass and the 
corresponding change of the slip-line field. 
As an example of what can be achieved in 
this manner, Fig. 10 gives three stages of the 
distortion of an originally square grid cover- 
ing the central portion of a deeply notched 
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;men that is pulled under conditions of 
jane strain (Garr and others, 1953). _ 
P In all these examples of plane plastic flow 
of the material remains rigid, and the 
determination of the plastic-rigid interface 
often meets with considerable difficulties. 
These difficulties disappear when the entire 
body is deforming plastically. The bending 





Fig. 10—Distortion of originally square grid on central 

of deeply notched tension specimen pulled 

under conditions of plane flow (after Garr, Lee, and 
Wang, 1953) 


of a sheet in plane strain (Hill, 1950a, page 
287) or a strip in plane stress (Gaydon, 1953), 
the bending of a sheet in tension (Swift, 
1948), and the bulging of a circular diaphragm 
by lateral pressure (Hill, 1950b ; Ross and 
Prager, 1954) are problems of this kind. In 
other problems, the determination of the 
plastic-rigid or plastic-elastic interface is 
facilitated by conditions of symmetry which 
require this interface to be cylindrical or 
spherical. Problems of this kind that have 
been treated with consideration of finite 
plastic deformations are the expansion of a 
cylindrical tube (Hill, Lee and Tupper, 
1947a, 1951) or a spherical shell (Hill, 1949b), 
the enlargement of a circular hole in a thin 
sheet (Taylor, 1948), and the expansion of a 
rotating disc by centrifugal forces (Weiss and 
Prager, 1954). 

The preceding applications of the theory 
of plasticity to technological forming pro- 
cesses are exact in the following sense :— 
Once certain general assumptions (for 
example, plane strain or plane stress, per- 
fectly smooth or completely rough surface 
of the tool) are accepted, the problem is 
solved rigorously within the framework of, 
say, the theory of perfectly plastic solids 
without the introduction of any ad hoc 
assumptions. For many forming processes, 
this type of rational theory has not yet been 
developed, and semi-empirical theories are 
used instead. The most important of these 
concerns the cold rolling of a strip. If the 
width of the strip is large compared to the 
thickness, the assumption of plane flow is 
justified, and the theory of the slip-line field 
can be used, but attempts to apply this 
theory (Shevchenko, 1941) have not yet 
yielded a slip-line pattern that satisfies all 
boundary conditions on stress and velocity. 
Thus, special assumptions had to be intro- 
duced to make the problem tractable. 
Following von Karman (1925) it has long 
been assumed in the theory of strip rolling 
that each vertical segment of the rolled stock 
undergoes a uniform vertical compression 
as it advances in a horizontal direction, with 
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no shear stress, but only a normal pressure 
acting between adjacent segments. A con- 
siderable advance beyond this simple one- 
dimensional theory was made by Orowan 
(1943), who took advantage of the qualitative 
similarity between the unknown slip-line 
field in strip rolling and the fields given by 
Prandtl (1923) and Nadai (1924) for the com- 
pression of a plastic mass between rough, 
parallel or inclined plates. Even if time did 
permit a detailed discussion of the theory 
of strip rolling, I should hesitate to undertake 
this because some of the most important 
contributions, notably those made by Pro- 
fessor Ford and his collaborators (Ford, 
1948), are contained in recent volumes of 
the Proceedings of this Institution and there- 
fore familiar to this audience. 

Since the simplifying assumptions of plane 
flow or plane stress used in the treatment of 
most forming processes may not always be 
justified, let us briefly consider three-dimen- 
sional problems. The theory of the slip-line 
field, which is so powerful a tool in the 
solution of problems of plane plastic flow, 
uses the fact that the differential equations 
of plane flow have the slip lines as real charac- 
teristics. It is therefore natural to investigate 
under what conditions the differential equa- 
tions of three-dimensional plastic flow have 
real characteristic surfaces. For von Mises’ 
theory of perfectly plastic solids, the answer 
to this problem was recently given by Thomas 
(1953), Ericksen (1954), and Prager (1954), 
though Hill (1948a) and Symonds (1949) 
had previously shown that the differential 
equations of axially symmetric plastic flow 
do not possess real characteristic surfaces. 
For the differential equations of von Mises’ 
theory to have real characteristic surfaces, 
it is necessary that the velocity strain corre- 
sponds to simple shearing at each point of 
the flow field. This condition is fulfilled 
in plastic torsion, in plane plastic flow, and 
in the plastic twisting of a circular ring 
sector (Freiberger, 1953). While it is not 
known whether this list is exhaustive, there 
can be no doubts that the theory of charac- 
teristics will be useless in the solution of the 
vast majority of three-dimensional problems 
if the yield condition and flow rule of von 
Mises are adopted. A similar situation exists 
in the theory of plane plastic stress where the 
differential equations of von Mises’ theory 
may not have real characteristics. Von Mises 
(1949) has pointed out that this may be 
remedied by a comparatively small adjust- 
ment of the yield condition and flow rule 
for plane stress ; a similar adjustment must 
be made in the three-dinfensional case before 
the theory of characteristics can be used. 
In fact, since plastic flow is customarily 
pictured as the cumulative effect of small 
amounts of slip along certain surfaces, and 
since the general equations of von Mises’ 
theory do not, in general, admit such slip 
surfaces, this adjustment of yield condition 
and flow rule may be a physical necessity 
rather than merely a mathematical trick 

In many three-dimensional problems there 
will not be any drastic variations of stress in 
the plastic region. Yield condition and flew 
rule can then be linearised. While “ linearisa- 
tion”’ of the yield condition has been occasion- 
ally used, for instance, in Swift’s theory of 
tube sinking (Swift, 1949) or Gaydon’s theory 
of strip bending (Gaydon, 1953), the more 
promising technique of jointly linearising 
yield condition and flow rule is practically 
unexplored (Onat and Prager, 1954). To 
illustrate this technique, let us consider the 
drawing of a thin-walled tube through a well- 
lubricated conical die (Fig. 11a). Since the 
pressure between tube and die is small com- 
pared with the meridional stress o,, and the 
circumferential stress o,, the state of stress 
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in the tube wall can be treated as plane. The 
ellipse in Fig. 11b represents von Mises’ 
yield condition for states of plane stress with 
the principal stresses o,, and o,. Let the 
states of stress at the die entrance and exit 
be represented by the points A and B, 
respectively. The point A must have the 
indicated position in the absence of back- 
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Fig. 11—Joint “‘linearisation’’ of yield condition and 
flow rule applied to tube sinking 


pull, but the position of B is not known 
beforehand. Replacing the arc AB by its 
secant, we approximate the yield condition 
by the linear relation ¢.—co,——o 9, where 
6, is the yield stress in simple tension and c 
is an unknown constant. If a frame with 
the straight side AB is used in our kine- 
matical model, it is found that the meridional 
and circumferential rates of extension must 
have the constant ratio --¢ at any point of 
the plastically deforming portion of the tube. 
This flow rule and the condition of incom- 
pressibility completely determine the manner 
in which the tube deforms during the drawing 
process. Once the variation of the wall 
thickness along the die is known from this 
analysis, the variation of the stresses s,, and 
o, can be obtained from the equation of 
meridional equilibrium and the linearised 
yield condition. All of this analysis is readily 
carried out without settling on a definite 
value of c. The appropriate value of c is 
finally determined from the condition that 
the state of stress at the die exit should be 
represented by a point on the ellipse in 
Fig. 116. For a/b=2, for instance, this 
analysis, which is less complicated than 
Swift’s (Swift, 1949) gives 0-693 as the ratio 
between the drawing stress o,* and the 
yield stress o); this compares well with 
Swift’s value of 0-685. 


DYNAMIC PROBLEMS 


When the theory of plasticity is applied to 
problems of impact testing or blast damage, 
the plastic flow can no longer be regarded 
as slow, and the inertia forces must be 
included in the analysis. The literature on 
these dynamic problems has been expanding 
rapidly ever since the wartime work in this 
field has become more widely accessible. 

The theory of the propagation of waves of 
plastic compression or extension in a straight 
rod was developed by Donnell (1930), Taylor 
(1940), von Karman (1942), von Karman 
and others (1943), White and Griffis (1942, 
1943, 1947, 1948), White (1948), and Rakh- 
matoolin (1945, 1948). Most of this work 
is concerned with elastic, work-hardening 
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solids ; the kinetic effects of the longitudinal 
motion only are considered, those of the 
accompanying lateral expansion or con- 
traction are neglected. One of the most 
simple problems concerns a semi-infinite 
rod under the influence of a given time- 
dependent end-stress. Each intensity of the 
applied stress is propagated along the rod 
with a uniform speed that is proportional to 
the square root of the tangent modulus 
corresponding to the considered stress in- 
tensity. If some of these stress waves travel 
faster than preceding waves, a shock wave 
will develop across which a stress discon- 
tinuity occurs. The variation of particle 
speed and stress with time and position along 
the rod is most conveniently studied graphic- 
ally by the method of characteristics (Deju- 
hasz, 1949, and others). The influence of 
viscosity on longitudinal plastic waves in 
rods has been investigated by Malvern (1951). 

Transverse plastic waves of large ampli- 
tude in wires have been discussed by Taylor 
(1942, unpublished work reviewed in Craggs, 
1952) and Craggs (1954). The latter author 
has also treated the normal impact of a rigid 
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Fig. 12—Simply supported beam under blast loading 
(after Symonds, 1953) 


cone on an elastic, plastic membrane (Craggs, 
1952). Flexural waves in elastic, plastic 
beams of infinite length have been treated by 
Duwez, Clark, and Bohnenblust (1950). Lee 
and Symonds (1952) recently suggested a 
rigid, perfectly plastic type of analysis of 
beams under impact or blast loading. Con- 
sider, for instance, a simply supported beam 
of the span / subjected to a uniformly dis- 
tributed blast load that rises suddenly from 
zero to the intensity p (per unit length of the 
beam), stays at this intensity for a time 
interval t, and then drops suddenly to zero 
(Fig. 12a). If the fully plastic bending 
moment of the beam is denoted by M,, no 
plastic deformation will occur for values of p 
below p,=8M,//?. For a value of p that is 
slightly larger than p,, a yield hinge will form 
at the centre and each half of the beam will 
rotate as a rigid body about the end support 
(Fig. 126). The angular acceleration of this 
rotation is determined from the dynamic 
eguilibrium of, say, the left half of the beam, 
which is subjected to the uniformly dis- 
tributed blast load p and the bending moment 
M, acting at the centre. As long as the 
central deflection can be regarded as small 
compared to the span, this angular accelera- 
tion remains constant, and the position and 
angular velocity of the considered half of the 
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beam at the instant of load removal are 
readily determined. After the load is 
removed the fully plastic bending moment 
acting at the centre produces an angular 
deceleration from which we find the final 
position of the beam and the time at which this 
is reached. Of course, this analysis is 
correct only so long as the maximum bending 
moment in each half of the beam does not 
exceed M,. This condition is fulfilled for 
values of p below p,=24M,//*. For larger 
values of p two yield hinges form as shown in 
Fig. 12¢c ; the distance between these hinges 
increases with the load intensity and tends 
asymptotically towards the span /. As long 
as the deflections remain small compared to 
the span, each cross-section of the beam 
moves with constant vertical acceleration 
while the blast load is acting. When the 
load is removed the yield hinges start to 
move towards the centre of the beam where 
they meet before the beam has come to rest. 
During the ensuing last phase of the motion 
there is then a single yield hinge at the centre. 
The final shape of the beam is _indi- 
cated schematically in Fig. 12d: the outer 
parts between the supports and the initial 
positions of the yield hinges remain straight, 
whereas the central part is curved. Dis- 
continuities in slope occur at the centre and 
at the initial positions of the yield hinges. 
During recent years numerous problems on 
the dynamics of plastic beams have been 
treated in this manner (Symonds, 1953, and 
others). Hopkins and Prager have extended 
the method to circular plates under rota- 
tionally symmetric dynamic loading (Hopkins 
and Prager, 1953, and others). 


CONCLUSION 


A survey of this kind is bound to be incom- 
plete. I have, of course, selected the topics 
that I believed to be of greatest general interest 
to mechanical engineers. Before conclud- 
ing, however, I should like to mention two 
other important areas of recent research in 
plasticity. 

In the theory of elasticity, the principles of 
minimum potential energy and minimum 
complementary energy are widely used to 
obtain approximate solutions to problems 
that are beyond the scope of presently avail- 
able rigorous methods. In the expectation 
that the corresponding extremum principles 
will prove equally useful in the theory of 
plasticity, these principles have been in- 
tensively studied in recent years (Hill, 1948b ; 
Markov, 1947; Colonnetti, 1938; and 
others). As Hill (1951) has remarked, the 
theory of limit anatysis may be based on the 
extremum principles for rigid, perfectly” 
plastic solids. Aside from this, the applica- 
tion of the extremum principles of plasticity 
to the practical solution of problems is almost 
unexplored. 

Structural stability in the plastic range is 
obviously of greater interest to civil than to 
mechanical engineers. I mention this field 
only because its history points an important 
moral. Formule for elastic stability could 
often be adapted to experimental results in 
the plastic range by replacing the elastic 
constants by functions of the stress intensity. 
This amounts to using physically untenable 
total stress-strain relations instead of incre- 
mental relations. The success of this method 
led to numerous studies of specific problems, 
and the resulting impressive body of “‘ theo- 
retical’ literature on plastic stability long 
obscured the lack of basic thinking in this 
field. Shanley (1946, and others) first drew 
attention to the fact that different definitions 
of structural stability may be appropriate 
in the elastic and plastic ranges. More 
recently, Ziegler’s work (Ziegler, 1953) let it 
appear doubtful that the stability of a non- 
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conservative system can be defined in a Stat 
manner. The practical importance of the 
dynamic definition of structural s ‘ability hy, 
been stressed by Hoff (1953). That Much of 
the older work will have to be 
revised in the light of these new conce ts i 
the penalty for our failing to develop the 
theory of plastic stability from firs: Principles 


















Mechanised Marshalling Yarg 


We are informed by British Railways tha 
work on the new Scottish Region marshalling 
yard near Thornton (Fife), which is being cop. 
structed at an estimated cost of £1,350,009 is 
now at an advanced stage. The major portion 

of the earthwork and drainage construction 
involving about 430,000 cubic yards of excays. 
tion and embankment, has been conipleted ang 
some 15 miles of sidings laid. When the schem 
is completed it is expected that the yard will be 
one of the most modern in Europe. 11 will haye 
primary and secondary rail brake retarders 
automatic speed control and preselection route 
setting of points actuated through electrical 
relays. - 

The yard, which will cover some 65 acres, is 
situated on the Dunfermline/Thornton route 
approximately 2 miles to the west of Thornton 
Junction, The large new Rothes Colliery, 
which is being developed by the National Coqi 
Board, is adjacent. For railway operating 
purposes the site is particularly suitable, ag jt; 
location in relation to the railway network ip 
Fife facilitates direct acceptance and despatch 
of trains from and to all routes. Eventually, 
the number of wagons which will be dealt with 
in the new yard will reach 3000 daily, or double 
the present traffic. 

The yard will be connected to the main lines 
by two double junctions, at Clunybridge and 
Redford. It will have six reception sidings with 
a hump-engine rounding line arranged in 
tandem with thirty-five through sorting sidings, 
each of which will hold fifty-five wagons—some 
27 miles of track in all. Twelve sorting sidings 
are being arranged to allow trains to leave 
eastwards or westwards, and the remaining 
twenty-three will have egress eastwards only 
Provision is also being made for direct con- 
nection with Rothes Colliery, up and down 
direction departure lines,-an up arrival line, train 
engine release line, and a siding for brake vans. 

The scheme provides for the construction of 
three new signal cabins, and an _ important 
feature of the yard will be the control tower 
which will house the plant for operating the 
retarders and the signalling equipment controlling 
movements between the reception and sorting 
sidings. All points leading from the hump to 
the sorting sidings will be controlled electrically 
from a small panel in the control tower. From 
this panel, forty-eight pre-selected routes can 
be set up, with six routes indicated to operate 
spontaneously after the passage of consecutive 
“‘ cuts ’ of wagons, each “ cut ”’ being in move- 
ment at the same time. The points will be 
changed automatically by the passage of wagons 
over the track-circuited lines. 

Two sets of compressed-air-operated primary 
retarders will be installed, one controlling access 
to twenty-three sorting sidings and the brake 
van siding, and the other to the remaining twelve 
sorting sidings. Ahead of the primary retarders, 
six sets of secondary retarders are being placed 
for governing the speed of entry into the sorting 
sidings. 

High wagon speed early in the gravitation run 
will be obtained from a 1 in 18 decline, and from 
the point at which vehicles leave the hump line 
until they are stationary in the sorting sidings 
they will be under the control of a single operator. 
This operator will select by a switch on the control 
panel the required leaving speed from the primary 
and secondary retarders according to the storage 
space available in the sorting sidings. Equipment 
used to measure wagon will pass the 
information, in the form of electrical signals, to 
the main control room, where it will be applied 
in electrical circuits in determining the speed 
as controlled by the action of the retarders. 
Working in conjunction with this control will be 
a “‘ weight detector,” which will discriminate 
between a “ light ” and “‘ heavy ” wagon. 
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THE ENGINEER 


Progress of the Langton- Canada 


Scheme, Port of Liverpool 


In our annual review “ Civil Engineering in 1954,” a brief mention was made of the 

£16,000,000 improvement scheme of the Mersey Docks and Harbour Board, for a 

new river entrance 825ft long and 130ft wide, and other works, at the Langton 
and Canada Docks. An account of the progress of the scheme is given here. 


HE site of the Langton-Canada improvement 
Toor occupies a more or less central 

ition in the north system of docks of the 
Port of Liverpool. The importance of the north 
docks is that they constitute the largest group 
of deep-water docks in the port. Though 
improvements were effected fifty years ago, the 
basic layout of the docks being reconstructed 
under the scheme is much the same as at the time 
of construction seventy-five to a hundred years 
ago. It is not surprising, therefore, that the 
Mersey Docks and Harbour Board considered 
that works of the magnitude of this scheme, 
estimated to cost £16,000,000, were advisable in 
the interests of the efficiency of the port. Work 
started in 1949 on a scale modest in relation to 























side of high water. At low water of spring tides 
the depth over the sills will be 19ft, when the 
lift to the impounded water level in the docks 
will be about 30ft, that being the approximate 
spring tide range. The coping of the side walls 
will be 59ft above sill level and about 70ft above 
foundation level in the soft red sandstone bed- 
rock. The lock walls are to be of mass concrete 
gravity design with a base width of 31ft and each 
will incorporate a continuous 14ft by 11ft level- 
ling culvert with multiple side-outlets into the 
locking chamber just above the invert, which 
will be vented against hydrostatic uplift. The 
lock will be closed by three sliding caissons 
dividing the chamber into two unequal com- 
partments, the outer of which will have a clear 
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of its quays with 40ft of water alongside available 
to vessels that previously could be berthed only 
im Gladstone dock. 

New Quays and Sheds.—The third, fourth and 
fifth projects consist of the complete remodelling 
of the quays on the west sides of Canada, Brockle- 
bank and Langton docks to conform with 
modern standards of operational efficiency. This 
involves widening the quays to give more space 
for traffic, cargo handling and temporary storage, 
and includes the erection of two double-storey 
and one single-storey transit sheds. 

Subsidiary Works.—Ancillary works include 
the construction of a new impounding station to 
pump water from the river to replace losses from 
the docks due to lockages, the construction of a 
hydraulic power station connected with the 
Estate’s hydraulic mains network, and of an 
electric substation. The impounding pumps will 
be driven by diesel engines, the hydraulic pumps 
by electric motors, and there will be a diesel- 
driven stand-by generator to provide electric 
power for the caissons in case of mains failure. 

Contingent works include the diversion of 
three town outfall sewers which cross the site 
of the scheme and discharge into the river. One 
of the diversions has already been completed by 
tunnelling 820ft, for the most part under Langton 
dock. Of the other two sewers, both of which 
cross Canada-Brocklebank passage, one requires 
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Langton-Canada improvement scheme of the Mersey Docks and Harbour Board 


the size of the scheme, but with plant and 
materials more readily available it has since been 
possible to extend operations to cover more 
working sites simultaneously. The whole scheme 
is scheduled for completion in 1960. 

_ The scheme comprises five major projects 
integrated into one whole, and forms the largest 
work of the Board’s post-war capital expenditure 
plan. It is the policy of the Board to design the 
greater part of such large-scale civil engineering 
projects departmentally and also carry out the 
greater part of the work by direct labour, experi- 
ence having shown that there is sufficient con- 
tinuity of work, owing to the size and age of the 
dock estate, to render the policy practicable. 
A layout of the entire scheme showing the 
new work superimposed on the old, is illustrated 
in the accompanying plan. 

The River-Entrance Lock.—The principal 
Project making up the scheme is the con- 
struction of a large deep-water river-entrance 
lock, of 825ft usable length between inner and 
outer caissons, 130ft wide and providing suffi- 
cient depth of water on the sills to take ships of 
30ft draught about three-and-a-half hours each 


length of 275ft. The caissons, which will be 
133ft 6in long by 31ft 9in wide over meeting- 
face timbers by 56ft high from slide-level to top 
of side plating, are provided with mild steel keel 
flats which will run on granite slideways. When 
in the “ off ’ position the caissons are housed in 
open chambers, through which the levelling 
water can run; it is hoped this will minimise 
silting. 

Reconstruction of Canada-Brocklebank Pas- 
sage.—The second project consists of enlarging 
the navigation passage between Canada and 
Brocklebank docks from a width of 80ft by a 
normal depth of 34ft of water over the sill to 
130ft by 40ft, and the replacement of the pivoted 
mitre gates and swing bridge by a sliding caisson 
with a falling deck carrying a two-lane road 
with a single-line inset rail track. The chamber 
housing this caisson in the “ off ’’ position will 
be decked-over to carry the road and rail track. 
The normal depth of water on the sills of the 
passage is the same as that over the sills of the 
new river entrance at high water of neap tides. 
This will result in a considerable improvement 
in the access to Canada dock and make: those 


a new syphon, which is being incorporated in the 
new invert. The other syphon is deep enough 
to be left in place and for the new invert to be 
constructed over it. 

Work During 1954 at Canada-Brocklebank 
Passage.—Good progress was made during the 
year with the reconstruction of the Canada- 
Brocklebank passage. At the beginning of the 
year closing dams were completed at each end 
of the passage, which was then pumped out, but 
not until three blows had been dealt with. These 
dams are of normal single-skin braced steel-pile 
construction, shored back on to the existing 
masonry on the west side of the passage and on 
to the new wings on the east side of the passage, 
which had been constructed under cofferdams. 

The main point of interest about these dams, 
spanning 133ft and 153ft between gussets, is 
that all eleven underwater frames had to be 
fixed by diver owing to the necessity of main- 
taining a constant water level in the docks. 
The magnitude of this operation will be appre- 
ciated when it is realised that owing to the 
exclusion of daylight by the silt in the water, it 
was impossible for divers to see anything when 
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The pumped-out Canada-Brocklebank passage looking from the east to the new west wall and caisson 
chamber entrance. Demolition and excavation in progress 


more than a few feet below the surface. The 
toes of the piles were lightly driven into the top 
of the soft red-sandstone rock on which the new 
invert is founded. The blows which occurred 
were due to the weakness of this rock. 

The widening of the existing passage from 
80ft to 130ft is being effected by constructing 
on the west side a new wall of mass concrete 60ft 
behind the old, and on the east side by facing the 
existing east wall with a minimum of 10ft of 
concrete. By extending the facing down well 
below the new invert level, the foundation of the 
existing masonry will be pinned. The new west 
wall including the caisson chamber entrance had 
already been constructed in trench during a 
previous stage. Our second illustration shows 
the demolition of the old west wall of the passage 
and excavation of the fill behind it. Since the 
photograph was taken, concreting has begun on 
the middle section of the new invert, which is 
vented with 4in diameter holes to relieve hydro- 
static uplift due to water seeping through the 
porous rock. A section of sewer syphon and 
services subway has already been constructed and 
the construction joints provided with water stops. 

The River Entrance Lock.—Work on the con- 
struction of the lock was scheduled to start as 
plant and materials became more readily avail- 
able, and only comparatively recently has it 
been possible to tackle the job on a scale com- 
mensurate with the amount of work to be done. 
The line of the new lock lies across Canada basin 
from the south to the north, the inner end being 
on the site of the former Langton entrances ; 
consequently, the basin will have to be dammed 
off from the river, to which it is open, and from 
Langton dock. 

For the construction of the inner end of the 
lock a rubble embankment with a steel sheet 
piling cut-off is being built across the southern 
part of Langton dock. Meanwhile, the former 
Langton west entrance has been pumped dry 
between a single-skin braced steel pile dam at 
its outer end and the existing upper service 
gates at its inner end ; a length of the west wall 
of the new lock is under construction here. 
This wall is of mass concrete founded on rock ; 
the bed joints between lifts are being given. a 
backward slope and keyed against sliding. 
Work is shown in progress in this area in our 
third illustration. 

To dam off Canada basin from the river, use 
will be made of the part of new river wall which, 
with the outer third of the west wall of the lock 
itself, forms a tongue projecting obliquely into 
the river on the west side of the lock. When 
completed from the existing pierhead on the 
north side of the basin, to the bullnose at the 
south-west end of the lock, it will form the west 


abutment of a single-skin braced steel pile closing 
dam spanning the mouth of the new lock. This 
dam will abut, at its east end, on a short length of 
the river approach wall, which will be constructed 
between the existing south pierhead of the basin 
and the south side of the outer caisson chamber. 

The bullnose and river tongue wall just 
referred to will be built in normal braced coffer- 
dams, which will be constructed with the aid 
of a temporary steel gantry erected across the 
entrance of the basin and carrying four derrick 
cranes on bogies, together with a roadway for 
traffic servicing the work inside the dams. At 
the end of the year, the construction of this 
gantry, which was proceeding from both ends 
simultaneously, was nearing completion. 

All eleven settings have now been fixed in 
the cofferdam on the south pierhead of Canada 
basin, within which the construction of the short 
length of river approach wall will be undertaken. 
This dam is also served by a travelling derrick 
crane on a gantry. Steel sheeting will be driven 
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inside the dam well clear of the skin down 
rock, to line a timbered trench, Inside . 
trench the overburden will be excavated and 
wall founded on rock, into which it will be keyed 
against the thrust of the closing dam ACTOS the 
mouth of the lock, already referred to. 

River Approach Wall.—The river approach 
guide wall extends 2000ft up river, in extensig 
of the east wall of the lock, curving convex 
through 14 deg. with a 1600ft radius just cle 
of the mouth of the entrance. For 1 500ft alon 
the wall the river bed will be dredged to Of 
below sill level, entailing a deepening of about 25f 
close to the wall. For the remaining 500ft the 
new wall continues in the same straight line to 
join the existing river wall, which has a general 
concave curvature. For about 750/t the two 
alignments run almost parallel about 40ft apart 
and over this length it is possible to construct 
the new wall of full gravity section within three. 
sided cofferdams, the fourth side of the enclosure 
being the existing wall against which the Shores 
are butted. 

At the south end where the walls Converge 
it is not possible to accommodate an independent 
full gravity section and the two walls have to be 
combined to form a stable section. This has been 
achieved by keying and tying the walls together 
by cutting holes penetrating well into the heart 
of the old wall and inserting broad flange beams 
to act as dowels. 

The convergence of the walls at the north end 
takes place behind an old open timber jetty 
structure over a wide concrete base Containing 
sluicing pipes. Part of the jetty runs parallel 
with the existing wall and continues as an oblique 
return at the north end. This jetty structure, 
which is indicated on the plan, is being converted 
into one large cofferdam by cladding the two 
faces referred to with steel piling and constructing 
a single-skin dam to close the south end. The 
conversion is now almost completed. 

New Quay, West Side, Canada Dock.—The 
siting of the river approach wall outside the 
existing wall has the effect of increasing the quay 
space available on the west side of Canada dock, 
in addition to its primary function as a guide wall 
for ships entering the lock and a retaining wall 
alongside the dredged approach fairway. Even 
so, the available width is still inadequate for a 
modern berth and for two-thirds of its length 
the width of the new quay will be increased still 
further by building a false quay out into the 
dock. In plan this will narrow to the south, 
where a compromise between land and water 
space has to be made on account of the location 
of the Canada-Huskisson passage. 

The false quay is of reinforced concrete and, 





Canada basin looking north showing crane gantries and cofferdams under construction for lock 
walls, river tongue wall and river approach: wall ; 
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‘, design, @ compromise between normal beam- 
atd-slab construction and thick slab construc- 
= On account of an apron projecting from 
2 ‘toe of the existing wall, it has not been 

; ible to drive piles close enough to it to avoid 
deep transverse beams ; each such beam is the 

member of a frame, of which the piles form 

- legs. The piles are over 50ft long, 18in by 

{gin square in cross section and unbraced. 
They are driven by a 5-ton semi-automatic 
hammer guided in traversing leaders mounted 
on a travelling frame cantilevering from the 
existing wall. The beams and slab are con- 
structed in situ, the weight of the wet concrete 
being transferred to the piles by pile caps cast 
in situ. The thick slab dispenses with the 
necessity for longitudinal beams. The face 
of the quay is protected by fixed timber fendering. 
Good progress is being made with this work. 

The total length of the new quay is 1600ft, 
of which the false quay occupies 1100ft, the 
remaining 500ft being on filled ground behind 
an ordinary mass concrete gravity dock wall 
constructed partly across and partly on the west 
side of the former Canada 100ft entrance lock. 
This length of wall was completed earlier, con- 
struction being mainly in timbered trenches. 

North Return Wall, West Side, Canada Dock.— 
The new north return to the west wall of Canada 
dock is of mass concrete founded on short 15in 
square reinforced concrete raking piles, each bent 
consisting of two piles raking forward at 2 to 1, 
one pile forward at 4 to 1, and one pile backward 
at 2 to 1. Bents are at 3ft 6in centres. It was 

ible to accommodate these rakes as the new 
wall is located on a narrow strip of quay between 
two existing walls, making it economical for the 
upper part of the excavation to be done in the 
open with one side sloped and the other formed 
by the existing dock wall. The lower part of 
the excavation was timbered in the normal way, 
and the timbering used to support the raking 
leaders. The piles were driven by a 3-ton semi- 
automatic single-acting hammer. 

Caissons.—The caisson for closing the Canada- 
Brocklebank passage and the first lock caisson 
are being erected side by side in the former 
Canada 100ft lock which is being used as a 
graving dock for the purpose. It is expected 
that the remaining caissons will be erected in the 
lock itself. 

Plant.—Concrete is mixed mainly in two 
batching plants, one on the west side of Brockle- 
bank dock and the other on the west side of 
Canada dock. Aggregate for the batching plants 
is delivered by sea, crushed limestone and crushed 
granite being used. The concrete is deposited 
from bottom-opening skips, which are conveyed 
from batching plant to work site by lorry. A 
certain amount of all-in aggregate is also being 
used for mass concrete work. This too is 
delivered by sea. 

Excavation is mechanised as much as possible, 
the trenches being adapted for face shovel or 
dragline working wherever practicable. This 
is achieved by using higher modulus sheeting 
and larger scantling struts and walings than 
normal to create necessary clearances. 
Opening the waling spaces makes face shovel 
working possible and cantilevering the sheeting 
upwards leaves a clear space at the start of an 
excavation for dragline working. There being 
so many large temporary dams to construct, it is 
natural that considerable use should be made of 
long jib derrick cranes. 

The Langton-Canada improvement scheme is 
being carried out under the supervision of the 
chief engineer of the Mersey Docks and Harbour 
Board, Mr. A. B. Porter, and, as mentioned 
earlier, the work is by direct labour. Another 
major work of interest which was started by 
the Board during 1954 is the construction, at an 
estimated cost of over £2,000,000, of two double- 
storey teinforced concrete transit sheds, as part 
of the reconstruction of the Huskisson dock area, 
which was badly damaged during the war. The 
two new sheds will occupy the north side of the 
Huskisson branch dock No. 1, and the south side 
of Huskisson branch dock No. 3, respectively. 
Each will be over 1100ft long by 145ft wide, and 
will be equipped with semi-portal quayside cargo 
cranes of 5-ton and 3-ton capacities, wholly 
carried on the shed structures, the lower crane 
rail being on a balcony at first-floor level and 
the upper at roof level. Shell roofs will be built. 
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Life of a Small Gas Turbine 


| Sipe nage of the reliability of the small gas 
turbine is reported by the Solar Aircraft 
Company of San Diego following an exhaustive 
inspection of the company’s first gas-turbine- 
driven auxiliary power unit, illustrated here- 
with, to complete 500 hours of service in 
a U.S.A.F. C-124C “ Globemaster ”’ aircraft. 
The 14kW auxiliary generator set, which is 
powered by a Solar “ Mars’ gas turbine 
engine, is designed to provide independent 
“extra ’’ or emergency power whenever needed 
—either in flight or on the ground. The claims 
made by the makers, after an examination of the 
engine, are given briefly hereunder. 

The generator set was maintained on virtually 
constant duty during ‘“ Globemaster ”’ conver- 
sion training flights at the base. It provided 
power for all electrically-operated equipment 
while the aircraft was on the ground or taxi-ing, 
and was kept on stand-by duty during take-off 
and climb. In actual flight, it was more or less 





Other “ hot parts’ were, for the most part, 
found to be in equally good condition. A 
portion of the turbine scroll showed minor 
thinning in local areas due to flame impingement, 
but this localised thinning never amounted to 
more than 0-004in in the 0-032 material, nor 
had the wear caused any loss of efficiency. 

In a flow check inspection of the turbine 


‘nozzle, it was found that the original nozzle 


area had increased 0-25 per cent, probably due 
to the “ scrubbing action” of hot gases passing 
from the combustion chamber. This expansion 
contributed to the development of slight gaps, 
at the most 0-012in, at the trailing edges of the 
nozzle vanes. The nozzle area after the increase, 
however, was within tolerance and the nozzle 
was still serviceable after vapour blast cleaning. 
Only the burner and the silicon impregnated 
glass fibre bellows connecting the compressor to 
the combustion chamber showed signs of exces- 
sive deterioration, although not to the extent, 


Auxiliary gas turbine being unloaded from U.S.A.F. Globemaster ’’ after 500 hours’ service’ 


consta...ly utilised as a source of emergency 
power; in landing it provided power for propeller 
reversal when the main generators were idling. 
Its operational life very nearly matched that 
of the main engines, although experience at other 
air force bases where similar units are now in 
service indicated that the more normal ratio 
of A.P.U. service hours to main engine time was 
about 3 to 5. The company also claims that 
these power units could save substantially on 
spare parts, replacements and out-of-service 
overhaul time for aircraft. 

A performance calibration of the 500-hour 
generator set showed less than 2 per cent change 
in performance, based on fuel consumption 
versus horsepower, as well as turbine inlet 
temperature versus horsepower. In the “ Mars” 
engine the turbine is .of radial inflow design, 
with the rotor made of forged Timken 16-25-6 
alloy. A die penetrant inspection of the rotor, 
which is also illustrated, disclosed an absence 
of cracks. Furthermore, rotor “growth” in 
diameter after. 500. hours. amounted to only 
0-0008in, while a Brinell test disclosed no 
appreciable change in hardness. 

The overall condition of the rotor was stated 
to: be very good. and although it was pronounced 
acceptable for further use after vapour blast 
cleaning, such. re-use of a crucial component 
of the unit was not recommended until 
further operational experience had been 
obtained with similar engines now in service. 


it was noted, that efficiency was impaired. 
However, the heavy deposit of lead in the burner 
coupled with other evidences of erosion and 
corrosion in the lower portions of the mixing 
chamber, indicated that the burner had been in 
operation for at least 300 hours, despite a normal 
replacement expectancy of 250 hours for this 
part. 

The generator unit’s high speed rotating 
parts, including the compressor impeller and 
bearing assemblies, which operated at 36,000 
r.p.m. throughout the 500 hours of service, 
were found to be free of flaws. The original 
diameter of the aluminium alloy compressor 
impeller was found to have decreased 0-0005in, 
probably due to scouring action of foreign 
matter occasionally passing through the engine. 
However, the compressor impeller, along with 
other rotating parts, it was considered, was 
acceptable for further use after routine cleaning. 
As in the case of the turbine, reuse of the com- 
pressor impeller was not recommended. 

Both pinion ball bearings and adjacent high- 
speed Hyatt roller bearings also showed signs 
of normal wear, but not to the extent that their 
efficiency was affected. One of the pinion ball 
bearing sets showed an increase in rotational 
roughness, but only to a slight degree. The 
unit’s principal reduction gears, which reduce 
the engine speed from 36,000 r.p.m. to 4500 
t.p.m. on the power output shaft, also revealed 
no signs of cracks or other flaws during ‘‘ Magna- 


























































First ‘*‘ Mars”’ auxiliary gas turbine to complete 
500 hours of service. The. hour meter (top 
centre) records running time of engine. The unit 
is rated at 45-70 h.p. and the basic engine, including 
reduction gearing, weighs about 90 Ib 


flux”’ and “ Zyglo” inspections, nor signs of 
more than normal wear. major reduction 
gears were found acceptable for further use. 

Major engine accessories, with the exception 
of the 500A generator, were still serviceable, 
although in some cases accessory parts of a 
more recent design were recommended for 
installation. ‘ 

Several accessories—specifically, the Wood- 
ward governor, the Meletron fuel pressure 
switch, and the Solar acceleration control— 
were found to be slightly out of initial calibration 
limits. Design changes have since been incor- 
porated in these units which, it was stated, would 
eliminate the tendency to shift. The tail pipe 
thermo-couple, ignition lead and altitude com- 
pensation bellows, had deteriorated to the point 
where replacement was recommended. 

It was noted that it was non-rotating 
components of the engine that sustained signi- 
ficant deterioration during the 500 hours of 
initial operation. As an example, the stainless 
steel housing enclosure of the generator set 
showed signs of extensive wear, although this 
would not influence engine performance. 

In conclusion the company stated that the 
condition of the principal engine components 
was due in considerable measure to the conserva- 
tively low design turbine inlet temperature (1100 
deg. Fah. at rated output on standard ambient 
conditions). The engine had been designed for 
simplicity and reliability. These auxiliary units 
are now stated to have operated more than 
22,000 trouble-free hours with only normal 
maintenance, and four additional engines have 
now passed the 500-hour operation mark since 
July, 1954. 
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Turbine rotor, before cleaning, after 500 hours of 
operation. The radial turbine and centrifugal com- 
pressor disc are compounded back to back 
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“'Terylene ” Synthetic Fibre 
Manufacturing Plant 


A plant for the manufacture of “‘ Terylene”’ polyester fibre has been built ai che 


Wilton works by Imperial Chemical Industries, Ltd. 


This plant has cost some 


£10,000,000 to build and equip, and is designed to produce about 11,000,000 /h 
of synthetic fibre a year for the textile industry. 


RODUCTION has now started at the 

“Terylene ’’ plant which has been built at 
the Wilton works of Imperial Chemical Indus- 
tries, Ltd., at a cost of more than £10,000,000. 
Initially, this plant, which covers an area of some 
30 acres, is designed to produce about 4500 tons 
of material in the form of filament yarn and 
staple fibre a year, and extensions planned for 
completion during 1955 will double this output. 

“ Terylene ’ is a synthetic material which is 
produced in two forms—filament yarn, which 
looks and processes much like silk, and staple 
fibre, which has a wool-like character. Each 
form of the material is chemically similar, but 
the physical properties are different and these 
properties make the material suitable for use in 
the manufacture of a wide range of clothing and 
other fabrics, as well as ‘for many industrial 


The polymer and yarn-spinning 


dimethyl terephthalate reacts with ethylene 
glycol to produce di-hydroxy-ethy] terephthalate, 

which is then polymerised to give polyethylene 
terephthalate, or “Terylene” polymer, The 
process was discovered in 1941 by Mr, J, R 

Whinfield and Dr. J. T. Dickson, of the Calico 
Printers’ Association, and in 1943 the A 5SOciation 
asked I.C.I. to assist in the development of the 
fibre. The first yarn was made in 1944 and three 
years later I.C.I. obtained the world rights— 
with the exception of the United States—to 
manufacture ‘ Terylene.” 

As a result of work in experimental plants 
where polymer was made and filament yam 
spun on a small scale, pilot polymer and spinni 
plants were set up in 1949 at Huddersfield and 
at Hillhouse. These pilot plants were designed 
to produce sufficient quantities of “‘ Terylene” 


of the new “‘ Terylene ”’ plant. The pipe trenches 


buildings 
foreground supply the plant with water and with steam at five different pressures 


applications. From the industrial viewpoint 
** Terylene ” has a combination of chemical and 
physical properties, which makeit suitable for many 
applications. It has mechanical properties such as 
a high dry and wet strength and low extension; its 
properties are retained when the material is exposed 
to hot conditions ; it offers good resistance to 
acids and oxydising agents ; it resists abrasion 
and flexing ; it is immune to attack by rotting 
and has low moisture absorption, and it has 
good electrical properties. It has already been 
used successfully in the manufacture of industrial 
threads and twines, filter cloths, tape and sheet 
for armature insulation, calender sheetings, 
ropes and cordage, oil hose, tyre cords, industrial 
canvases and coverings, belting, &c. Trials are 
now in progress to develop further applications 
in the industrial field. 

The main raw materials used for making 
“* Terylene ’ are para-xylene, ethylene giycol and 
methanol. In the process of manufacture the 
para-xylene is converted to terephthalic acid, 
which is then processed with methanol to form 
dimethyl terephthalate. After purification the 


for a comprehensive commercial appraisal, 
and they are now producing some 900 tons of 
the material a year. By using some of the 
materials produced in the intermediate processing 
stages in the pilot plants, it has been possible to 
feed some of the intermediate processing plant 
units at Wilton as they were completed. This 
feed from other plants has proved particularly 
useful as some months are expected to elapse 
before all the production units in the chain of 
new processes will attain full output at Wilton. 
Despite this fact the new buildings are already 
being extended to double the output of this first 
plant. 

Some of the new buildings of the new 
plant can be seen in the illustration on this 
page. The polymer is produced in the high 
building on the right of the illustration and 
the yarn spinning building is on the left. Two 
chemical buildings engaged in the initial process 
ing are situated on the right of the polymer 
section and are not shown in the illustration. 
It should be mentioned here that other sections 
of the Wilton works and the nearby Billingham 
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Polymer casting floor and the travelling casting 


ENGINEER 


machines with equipment for cutting the ribbon of 
handling 


polymer into “ chips ’’ for easy 


works, supply practically all of the primary 
materials for “* Terylene ’ manufacture. 

In the first chemical processing building of 
the new plant, para-xylene, which is made from 
petroleum distillate, is converted to terephthalic 
acid—a white crystalline substance. In the 
second building this acid is processed with 
methanol to form dimethyl terephthalate, which 
is then purified and sent to the polymer building. 
In the polymerising plant the dimethyl tereph- 
thalate reacts with ethylene glycol to produce 
di-hydroxy-ethyl terephthalate. The autoclave 
floor where the polymerisation takes place at 
very high vacuum and temperature, is shown 
below. From the bottom of the autoclaves of 
this section the polymer is extruded periodically 
on to a rotating casting wheel or cylinder on the 
floor below. On this casting wheel the polymer 
solidifies in the form of a wide thin ribbon. 

Two machines serve eight autoclaves on the 
“casting ” floor, as illustrated herewith. These 
machines are carriage-mounted on rails running 
the full length of the floor and the machines are 
traversed as required between the autoclave 
extrusion gates. As a ribbon of polymer forms 
ona casting wheel its end is carried over to the rear 
of the carriage and fed into a “ dicing *’ machine, 


which cuts the polymer into easily handled “chips.” 

The polymer chips are stored in hoppers 
at one end of the floor and they are withdrawn 
in batches for transfer by suction conveyors 
to driers on the top floor of the adjoining spinning 
building. Here, after passing through rotary 
driers which serve to remove any residual 
moisture, the chips are put into hoppers ready 
for the next operation of melting. These storage 
hoppers are supported from overhead runways 
along which they are moved as required to 
register over the top feed chutes of a number of 
melting units on the floor below. Molten polymer 
is supplied to either the filament yarn production 
section or the staple fibre making section. 

In the production of filament yarn the 
molten polymer is extruded at a high pressure 
vertically downwards from the melting units 
above, through a series of very small holes in 
plates known as spinnerets. As they emerge 
from a spinneret the individual filaments solidify 
and are drawn together to form undrawn yarn, 
which is wound on to cylinders. The cylinders 
of undrawn yarn are transferred on racks through 
an inspection department and on into a draw- 
twist section. In this section the racks of cylinders 
are slung from a series of overhead runways 


Autoclave floor in the polymer building where polymerisation takes place at high vacuum and high 
temperatures 
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serving batteries of machines. The threads of 
undrawn yarn from the cylinders are fed down 
on to the spindles of the draw-twist machines, 
where they are heated and stretched to several 
times their original length before they are wound 
on to bobbins. 

Much of the yarn made in the plant undergoes 
further processing in the hands of the textile 
industry to insert twist, which is necessary for 
many applications. To stabilise the twist the 
yarn requires to be heated in an oven before it 
is wound on to cones for further handling. A 
small amount of this twisted or “ thrown” 
yarn is being made at Wilton for export, 
but a majority of the production is supplied to 
the trade. 

Two kinds of “ Terylene ” yarn are produced, 
each in a range of deniers or thicknesses. One 
yarn of normal strength is produced principally 
for the clothing industry. The other, a high- 
tenacity yarn, is given extra tensile strength 
during processing for industrial applications. 

In the staple fibre production section the 
extrusion of filaments is carried out on a much 
larger scale than in filament yarn production. 
In this section the filaments from individual 
spinnerets are not drawn together and wound 
on cylinders as in the case of filament yarn. 
Here the filaments of a large number of spinnerets 
are brought together to form a continuous 


Filament yarn extruded from spinneret, above, being 
wound on cylinders in the yarn spinning lines 


“ rope ” of thick tow. This tow is fed into large 
cylindrical cans in which it is transferred to a 
further processing department. In this depart- 
ment the tow from a number of cans is drawn 
simultaneously and fed between crimping rolls. 
The crimp imparted to the material is then 
stabilised or “‘ set ” by heating before the material 
is cut into specified lengths to suit the textile 
spinning process for which it is intended before 
it is baled ready for despatch. The makers state 
that this ‘“ Terylene” staple fibre has three 
times the tensile strength of natural wool, nearly 
twice its modulus, of elasticity, and is for equi- 
valent diameters twice as stiff. It is made in 
deniers and staple lengths suitable for spinning 
on the worsted, woollen, cotton and flax systems. 


BOOKLET ON TAPS AND TAPPING.—We have received 
from C. E. Johansson, Ltd., Southfields Road, Dunstable, 
a small pocket book entitled “‘Screwing Taps and 
Their Uses,” which will be useful, for reference, 
to production engineers, designers and _ setters, 
This booklet, in addition to giving brief notes 
on the firm’s products, provides in a concise form 
a considerable amount of detailed information on 
the production of tapped holes, taps, thread forms 
and tolerances. 
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Modernisation of British Railways 


Last Tuesday there was issued by the British Transport Commission the plan for 
the “‘ Modernisation and Re-Equipment of British Railways.” The plan provides 
for the expenditure of about £1200 million within fifteen years. Steam traction 
is to be largely replaced by electric and diesel traction, track and signalling are to 
be so improved as to permit speeds on many main lines of 100 m.p.h., there is to be 
multiple-unit electric and diesel stock, large numbers of continuously braked freight 
wagons will be’ ‘ilt and new marshalling yards and goods terminal facilities will be 
provided. Here we reprint that part of the document that gives details of 
the plan itself. Other sections of the document, concerned with the provision 
of staff, the economics of the plan and the execution of the plan are reviewed in a 
leading article on page 130. 


Way AND WorKS, SIGNALLING AND 
TELECOMMUNICATIONS 


HE 20,000 route miles of British Railways 

rank among the greatest of our national 
assets. Although the main trunk lines were 
constructed over a century ago, their engineering 
standards are still among the best in the world, 
and though many routes between important 
centres were built during the period of inter-railway 
competition, with some duplication and over- 
lapping in consequence, as a whole they were 
well planned in relation to traffic flows, and in 
this respect they still meet the requirements of the 
twentieth century. Nevertheless, the railway 
network is sorely in need of improvement and 
replanning to meet the needs of the future, and 
fortunately it can be modernised at a total cost 
that is relatively modest in relation to the benefits 
to be realised. Under the plan £210 million is 
allocated to the track and its associated works 
such as bridges and tunnels, and to signalling 
and telecommunications. 

Way and Works.—The need to improve the 
permanent way and structures falls under several 
headings. First, the conditions brought about 
by the war and its aftermath have prevented the 
railways from keeping pace with the renewal 
of bridges at a rate proportionate to their 
increasing age. Renewal programmes during 
the next twenty years must therefore be greatly 
accelerated to prevent the dislocation to traffic 
which would occur if arrears were left to accumu- 
late, resulting in the simultaneous life expiry 
or weakening of large numbers of bridges. 

Over the whole period of the plan a sum of 
about £20,000,000 has therefore been allocated 
for bridge renewals, over and above the present 
rate of expenditure. 

Secondly, train operation over various sections 
of important trunk routes is handicapped by 
permanent speed restrictions imposed by sharp 
curves, junctions, inadequate track facilities at 
stations and other physical features. Existing 
speed restrictions have been reviewed and 
schedules prepared of all cases where it is thought 
that operating benefits would justify the cost 
of their removal. This work is estimated to 
cost around £25,000,000. It would be carried 
out in an order of priority arranged to give the 
earliest and the maximum benefit to the most 
important traffics. 

The aim is to achieve on the main lines speeds 
of at least 100 m.p.h. where conditions will 
permit. 

Next, changes in forms of motive power and 
the increased speed of movement of all types of 
traffic will necessitate strengthening the track 
structure by reballasting and relaying on a 
number of lines where, in the past, speeds and 
traffic density have been less. It is estimated that 
about £35,000,000 will be required for this work. 

Lastly, an expenditure of £25,000,000 will also 
be required on the provision of new and addi- 
tional lines, improvement to permanent way 
layouts, provision of flyover junctions, &c., 
partly to meet projected developments in the 
needs of various districts, partly to provide 
greater line capacity and improved traffic 
operation. 

The total cost of the foregoing improvements 
to the track and its structures is put at £105 
million. 

Signalling and Telecommunications.—The faster 
and in some cases more intensive train services 
envisaged will necessitate a substantial investment 
in the most modern methods of controlling rail 
traffic, to secure both efficient operation and the 


highest degree of safety. Provision must be 
made for the widespread replacement of sema- 
phore signals by colour-light signalling, which 
in many cases will be automatic in operation. 
There must also be a considerable extension of 
track circuiting, whereby the presence of a train 
upon any individual section of line is auto- 
matically indicated to the signalman and appro- 
priate safeguards applied. The provision of 
power-operated signalboxes in replacement of 
mechanical operation of points and signals will 
be widely extended, and in many cases one 
modern power box will replace several manual 
boxes. 

On certain sections of line, where conditions 
are favourable, the system of centralised traffic 
control, already widely used in America and 
certain other countries, will be applied to British 
Railways. This makes possible the operation 
from a central control of all the points and signals 
over a considerable route mileage of line ; it 
offers considerable advantages as compared with 
conventional methods of signalling where con- 
ditions are favourable for its employment. 

An expenditure of £20,000,000 upon the 
progressive introduction of automatic train 
control has been assumed for the purposes of 
the plan. 

Efficient telecommunications also constitute 
a vital service for railways. The existing tele- 
graph and telephone systems must be consider- 
ably modernised, and advantage taken of all 
available developments in telecommunications. 

The estimated expenditure for signalling and 
telecommunications, including automatic train 
control, amounts to some £100 million, making 
the total for this section of the plan, with an 
allowance of £5,000,000 for sundry items, about 
£210 million. 


METHODS OF TRACTION 


The Commission have decided that major 
changes in the forms of motive power on British 
Railways must be effected, involving a wide- 
spread changeover from steam to electricity and 
diesel power. These motive power developments 
are a prerequisite of the improved quality of 
service that will be required by industry and the 
travelling public in future, and which the Com- - 
mission are determined to provide. Equally, 
however, the changes will lead to major eco- 
nomies in operation, some direct and immediate, 
some only coming to fruition gradually. There 
is much evidence from abroad of the all-round 
increase in railway efficiency that has stemmed 
from new forms of motive power, whether from 
dieselisation in North America or electrification 
in Europe and elsewhere. 

The Commission accordingly proposes to 
build no new express passenger or suburban 
steam locomotives after the 1956 programme, 
and to terminate the building of all new steam 
locomotives within a few years. The changeover 
in the shops of British Railways will be arranged 
to cause the minimum dislocation to the staff 
affected by it. 

The Choice of Motive Power.—In reaching 
this decision the Commission gave careful con- 
sideration to the merits of all the various forms 
of traction. The steam locomotive has in the 
past served the railways well. It has the virtues 
of low first cost, simplicity, robustness and long 
life. On the other hand, many factors combine 
to indicate that the end of the steam era is at hand. 
These include the growing shortage of large coal 
suitable for locomotives ; the insistent demand 
for a reduction in air pollution by locomotives 








Jan. 28, 1955 


and for greater cleanliness in trains and Tailyy 
stations, and the need for better acceleration, 4 

It is also a characteristic of steam OPeratio 
that it involves hard manual labour for aay 
tasks as the firing, cleaning and Servicing of 
locomotives. Not only is much of this wo 
unattractive by present-day standards, jn com. 

parison with that offered by other industrie, 
but it also represents an inherently wastefyl ys 
of labour resources. 

The main scope for developmen: at Dreseni 
rests with electricity and diesel traction, Ih 
many ways electricity is the ideal, since it mee 
the requirements of reliability, good acceleratioy 
cleanliness and (where the traffic is sufficiently 
heavy) economy in operation. Under electrifics. 
tion, moreover, the direct cost of train movemen 
is considerably reduced as compared with steam 
though owing to the increased capital investmen; 
a certain minimum traffic density is required 
before electrification can compare favourably as 
regards total costs of operation. 

As traffic density increases, however, the 
comparison becomes increasingly favourable to 
electricity. 

The main disadvantage of electritication js 
that it frequently involves substantial engineering 
works on track and structures, signalling and 
telecommunications. In consequence, converting 
a length of line to electric traction is a complex 
operation, involving a considerable period of 
preliminary planning and co-ordination of effort 
between various railway departments and outside 
contractors, and some disturbance of the services 
during the execution of the work. 

A further consideration is that in some cases 
in the past the riding qualities of electric multiple- 
unit stock have not equalled those of modem 
vehicles hauled by a _ separate locomotive. 
Research has, however, been undertaken into 
the design of bogies for electric multiple-unit 
vehicles, and it is confidently expected that future 
designs will provide an entirely satisfactory 
standard of passenger comfort. 

Diesel traction offers many of the advantages 
of electricity in the shape of cleanliness, accelera- 
tion and uniform standard of performance. It 
has a further advantage in that the changeover 
from steam to diesel working generally does not 
involve important civil engineering or signalling 
works, and can be effected as quickly as the 
diesel units can be built. 


On the other hand, on the lines of heaviest 
traffic the potential economies are less with 
diesel traction than with electrification. The 
present cost of a diesel locomotive is about 
two and a half to three times that of a steam 
locomotive of equivalent power and, to yield 
economic results, diesel locomotives must achieve 
a very high degree of utilisation, approaching 
closely to their theoretical availability, in order 
to spread the capital charges over a sufficient 
total volume of remunerative work. 

The use of atomic power in relation to railways 
seems likely to be indirect, namely, through the 
use of nuclear energy at electric power stations, 
rather than through the development of atomic- 
powered locomotives. The extension of railway 
electrification will enable the Commission to 
take advantage of the possibilities flowing from 
the introduction of atomic power. 

With these considerations in mind, the Com- 
mission are agreed that, in broad terms, it |s 
not a question of choosing between electricity 
and diesel traction, but rather of combining the 
two to the best advantage. The plan is, moreover, 
flexible enough to enable advantage to be taken 
of any technical developments, including gas 
turbine propulsion, that may become available 
and economically justified as the work progresses. 

There is a wide and accepted field for electrifica- 
tion in suburban services, and proposals for 
substantial schemes are set out below. There is 
also a wide range of main line services upon which 
the density of traffic indicates that there is 4 
good economic case for electrification. But the 
key factor, as indicated above, is the volume of 
civil and signal engineering works that are 
involved, and there is therefore a limit to the 
amount of main line electrification that it appears 
practicable to complete within the period covered 
by the plan. This amount of work has been 
provided for. As regards the remainder of the 
principal main line services, it is intended to 
introduce diesel traction as quickly as possible. 
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allway Conversion to diesel traction will be carried out 
u 


annual building programmes, and the 
rate of investment can thus be accelerated or 
slowed UP according to circumstances. If it 
should be subsequently decided that it is prac- 
ticable to electrify a section upon which diesel 
traction has already been introduced, the diesel 
ynits would be used elsewhere. _ 

The above paragraphs indicate the general 
strategy of the proposed changeover. The details 
are set out below. 

Suburban Electrification.—At the moment, 
work is proceeding with the extension of the 
Liverpool Street-Shenfield electrification to 
Chelmsford and Southend (Victoria). Various 
other schemes have been under consideration, 
and planning upon them has reached different 
stages of development. It is proposed that under 
the plan all these schemes should be adopted, 
unless any unforeseen difficulties should emerge 
as planning proceeds. The list is shown in 


through 








Table I. 
TABLE I 
| Approxi- | Estimated 
mate cost of 
| route fixe 
| mileage equip- 
} ment 
a Ts Baas. 5 nd ie: £ million 
London, Tilbury and Southend line... 85 | il 
Liverpool Street to Enfield and Ching- 20 2 
for 
Li | Street to Hertford and 35 | a 
Bishop’s Stortfor: ae | 
King’s Cross and Moorgatet to Hitchin 60 | s¢ 
and Letchworth, including the Hert- 
ford loop 7 | 
Glasgow suburban linest ... ... ...| 190 | 18 
Total... [390 | £40 m. 


* This estimate excludes signalling. 

t The choice of route for the Finsbury Park-Moorgate section 
has not yet been decided. 

t The figures quoted for the Glasgow suburban lines are based 
upon the Inglis Report of 1951 on Passenger Transport in 
Glasgow and District. The adoption, scope and staging of the 
scheme are dependent upon further study and discussion with 
the Glasgow Corporation regarding future co-ordination of road 
and rail services in the area. 

Extensions of Southern Region Electrification.— 
In addition, it has always been the intention that, 
as soon as circumstances permit, all the main 
routes of the Southern Region east of a line 
drawn from Reading to Portsmouth should be 
electrified. This will extend to the coast the 
electrified zone which now terminates at Gilling- 
ham, Maidstone and Sevenoaks, and carry the 
electric train services to Ramsgate, Dover, 
Folkestone and (via Ashford) to Hastings. 
In conjunction with the diesel services to be 
introduced (referred to later), this will effect the 
elimination of steam traction from all the lines 
of the Southern Region in the area mentioned. 

This programme will entail electrifying about 
250 route miles of line at a cost of approximately 
£25,000,000 for the fixed equipment. 

Electrification of Main Trunk Routes.—It is 
the intention to electrify two major trunk routes, 
and one of lesser traffic density, under the plan. 
The main line of the Eastern and North Eastern 
Regions from King’s Cross to Doncaster, Leeds 
and (possibly) York, and the main line of the 
London Midland Region from Euston to 
Birmingham, Crewe, Liverpool and Manchester, 
will comprise the two major schemes. The 
subsidiary main line scheme will consist of the 
extension of the existing electrification from 
Liverpool Street (which will soon reach Chelms- 
ford) to Ipswich, including the Clacton, Harwich 

and Felixstowe branches. By these schemes 
there will be a virtual elimination of steam from 
important areas of the country. 

The estimated cost of the fixed installations 
for all these schemes is around £125 million, 
and the cost of some 1100 electric main line 
locomotives will be about £60,000,000. 

This represents a very large programme, and 
the Commission are taking expert advice as to 
the capacity of the available technical staff and 
of the electrical manufacturing industry to carry 
it out as proposed. Should it appear necessary 
to limit the programme, one of the main routes 
concerned would in the meantime be converted 
to diesel traction—without prejudice to its 
eventual electrification, when the diesel units 
would be transferred elsewhere. 

Diesel Multiple-Unit Trains—It is now 
accepted that, where the traffic is within their 
capacity, a considerable improvement in net 





THE ENGINEER 


revenue can be secured from the replacement of 
steam services by diesel-powered trains, ranging 


from single units to’ six-coach trains. A start 
has already been made with the introduction of 
this type of train in various parts of the country. 

Under the plan a much wider extension of 
diesel multiple-unit working is envisaged. This 
will include three principal types of service : 
city-to-city express services, secondary and 
cross-country routes, branch lines. 

The total number of multiple-unit diesel 
vehicles that can be employed on British Railways 
for the services listed above is estimated at about 
4600, including the 300 now in use or on order. 

Diesel Shunting and Trip Locomotives.—The 
present programme for the construction of diesel 
shunting units in replacement of steam locomo- 
tives will be completed in 1957, and a further 
programme is in course of preparation. It is 
considered that the complete elimination of 
shunting and trip working by steam locomotives 
should be achieved over the next fifteen years. 
The total number of steam locomotives that will 
be displaced by this conversion is approximately 
1500. They will be replaced by about 1200 diesel 
locomotives, additional to those already autho- 
rised, at a total cost of about £25,000,000. 

Diesel Main Line Locomotives.—Diesel trac- 
tion, then, may be regarded as a half-way house 
to electrification. It yields many of the advan- 
tages of electricity and, in addition, it can be 
introduced more quickly. It is essentially a 
flexible form of traction, with a wide range of 
utility. A very substantial investment is accord- 
ingly proposed in diesel main line locomotives, 
commencing forthwith, with the object of 
achieving as soon as possible a complete change- 
over from steam to diesel traction in specified 
areas. By this means the maximum economies 
will be obtained through the closing of steam 
motive power depots, and it will also be possible 
to obtain experience of the operating costs of 
diesel units without mixed working involving 
two forms of traction. It is intended to 
standardise design as much as possible. 

By the end of the period covered by the plan 
about 2500 main line diesel locomotives should 
be in use. For example, on the Western Region 
it is intended to eliminate all steam working 
beyond Newton Abbot and also to employ 
diesel units based in that area for hauling a 
large proportion of the passenger and freight 
trains from the West to London and Bristol and 
back. On the Southern Region the greatest 
early advantage will be secured by employing 
diesel locomotives to replace steam services 
between Waterloo and Exeter, and Waterloo, 
Southampton, Bournemouth and Weymouth. 
In these two schemes some 200 main line diesel 
locomotives will be required, which will displace 
over 300 steam locomotives. Changes to diesel 
traction in other areas will be’ progressively 
effected. 

The total cost of the main line diesel loco- 
motives to be built under the plan is £125 million. 

Hitherto, the diesel main line locomotives on 
British Railways have comprised a handful of 
prototypes, and various “teething troubles ” 
have been experienced. Much useful experience 
has, however, been gained and, in view of the 
high degree of reliability attained in other 
countries where diesel traction has been widel 
adopted, there is no reason to doubt that equally 
satisfactory results will be realised here, once the 
decision has been taken to make diesel traction a 
standard feature. It will be necessary to take 
full advantage of the high availability for work 
of the diesel units when preparing the 
** diagrams ” of scheduled duties for locomotives, 
and it will be possible to reorganise train time- 
tables, both for the greater convenience of the 
public and for more economic working, when 
allowance no longer has to be made in timing 
trains for locomotives to be changed or to proceed 
to depots for servicing, as under steam traction. 

The Residue of Steam Traction.—Although it 
is proposed shortly to bring to an end the building 
of new steam locomotives, there are at present 
some 19,000 steam locomotives on British Rail- 
ways, a substantial proportion being of modern 
design. The steam locomotive has a useful life 
in service of some forty years, and obviously 
careful planning will be required to ensure that, 
as the existing stock is gradually replaced by 
diesel or electric power, it is still used to the 
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best advantage. There will accordingly be careful 
selection of types for the condemnation pro- 
gramme, designed to eliminate as quickly as 
possible the less efficient types and small classes 
for which it would not be economical to maintain 
spares. 

As regards steam motive power depots, many 
of these require to be rebuilt or substantially 
modernised, and if no change in the present 
types of motive power were contemplated there 
is no doubt that a considerable expenditure 
would have to be incurred on essential improve- 
ments. In view of the proposals here referred to, 
however, all schemes for the provision or 
modernisation of depots designed to service 
steam locomotives will need to be re-examined 
in the light of the new developments and altered 
requirements. The maximum financial advan- 
tage is to be secured where it is possible to effect 
a complete changeover in the form of motive 
power, but some capital expenditure on steam 
depots will be inescapable to meet essential 
requirements, particularly at large freight depots. 
In the main, however, it will be the object to 
eliminate complete steam depots as soon as 
possible after the electric or diesel maintenance 
centres have been constructed in the areas 
selected for complete conversion. It is estimated 
that a sum of £10,000,000 should cover the 
expenditure on steam motive power depots. 

Summary of Proposals.—The total expenditure 
proposed on new methods of traction is set out 
in Table II : 

















TABLE II 
| Loco- 
Struc- | motives | 
tures, | and Total 
&c. rolling 
stock 
£ million | £ million | £ million 
Electrification : | | j 
ain lines : 
London Midland Region. ..| 40 | 35* 75 
Eastern Region... ... | 20 25* 45 
Total mainlines ... ...| 60 | 60* 120 
Suburban lines. er 40 | ? 40 
Southern Region extensions. ..| 25 ° | 25 
Diesel traction : | 
Main line locomotives ... — IB» i. SS 
Multiple-unit trains... ...| — . 9 
Shunting and trip  loco-| — a] 25 
motives | | | 
Steam : | | } 
Motive power depots ... .../ 10 — | 10 
Total 135 210 | «345 





* Multiple-unit vehicles, whether electric or diesel, have been 
taken into account under “‘ passenger carriages.” 


PASSENGER TRAFFIC 


Passenger and Parcels Stations.—A substantial 
sum has been included for the reconstruction of 
passenger and parcels stations. Part of this 
capital expenditure will involve increased annual 
charges, which should be offset to some extent 
by an improvement in gross receipts which 
cannot, however, be calculated. In other cases 
operating economies will be realised to offset 
the additional annual charges—for instance, 
where train delays can be reduced. And the 
improvement of stations and station approaches, 
together with the introduction of cleaner forms 
of motive power, should lead to the development 
of property on sites owned by the Commission 
from which additional revenue will accrue. 

Improvements at many major stations will 
involve new methods of parcels handling and 
its segregation from the other work of the 
station, and this is a field in which substantial 
operating economies can be realised. 

The total expenditure upon passenger and 
parcels stations and carriage cleaning and servic- 
ing depots is estimated at £55,000,000. 

Passenger Carriages.—British Railways have 
some 42,000 passenger-carrying vehicles. The 
plan provides for important changes in both the 
total number and the types of passenger carriages. 

In the first place, the changes in forms of 
motive power will involve a large carriage build- 
ing programme, since many steam-hauled vehicles 
will be replaced by multiple-unit diesel or electric 
vehicles. 

Secondly, it is expected that some reduction 
in the total stock will be achieved through more 
intensive use. The recasting of timetables and 
adjustment of services is being studied with a 
view to achieving economies in the use of rolling 
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stock and at the same time providing an equi- 
valent or better service. 

Next, the changing requirements of the public, 
and the higher standards of amenity that will 
be expected, in future, will influence the building 


programmes. 

Lastly, the study of comparative costs of 
different types of passenger service has revealed 
that certain stopping and branch line steam 
services are carried on at a heavy loss. For the 
most part the carriages employed on_ these 
services are of the non-corridor compartment 
type. Broadly speaking, it must be accepted 
that these services will either be replaced by 
diesel multiple-unit trains (which will normally 
be the case where there is a reasonable prospect 
of stimulating sufficient additional traffic), or 
by appropriate road services. 

The effect will be that by the end of the period 
of the plan all the steam-hauled non-corridor 
compartment carriages will have been replaced. 
The non-corridor type will only be retained for 
certain electric suburban services where its high 
seating capacity and ability to load and unload 
quickly are important advantages. 

So far as changes in motive power are con- 
cerned, the main line and suburban electrification 
schemes, including the extensions in the Southern 
Region, will involve the construction of some 
3600 multiple-unit electric vehicles. The total 
number of multiple-unit diesel vehicles required 
is about 4600. 

With regard to catering vehicles, large-scale 
experiments are being made at present to ascer- 
tain the preferences of passengers for different 
kinds of service. They may lead to considerable 
changes in the design of catering vehicles operated 
on the railways ; but for the purpose of the plan 
no alteration in the total number has at present 
been assumed. 

After taking account of all the factors listed 
above, it is estimated that the total required 
stock of passenger-carrying vehicles, including 
the units needed to provide an adequate margin 
for standby purposes, the strengthening of trains 
at peak periods, excursions and so forth, is some 
36,000 vehicles. This compares with a present 
figure of around 42,000. 

The short comparison of present and future 
stocks is given in Table III : 














TABLE III 
Approximate 
numbers 
Present | Ultimate 

Locomotive-hauled vehicles ... ... ... 37,200 23,200 
Electric multiple-unit vehicles... ... ... ,800 8,400 
Diesel railcars and multiple-unit vehicles 4,600 
ee ee 36,200 











Over the period of the plan, the total number 
of new passenger carriages to be built will be 
about 31,000, at a cost of approximately £230 
million. The plan is essentially a flexible one, 
however, and within the total expenditure pro- 
posed changes can be made to meet variations 
that may become necessary as detailed planning 
proceeds. 


FREIGHT TRAFFIC 


Marshalling Yards.—British Railways must 
provide a freight service which gives shorter 
transit times than at present, with greater 
reliability and punctuality in deliveries. Speeding 
up the service and improving punctuality will 
at the same time reduce operating costs. Refer- 
ence is made below to the contribution towards 
realising these objectives that will be made by 
improved forms of motive power and the adop- 
tion of continuous brakes. There are, however, 
other major factors, including the resiting and 
modernisation of marshalling yards which 
constitute an essential part of the system under 
which freight is distributed throughout the 
country. 

Modernisation of yards generally involves 
the provision of suitable gradients to ensure 
that wagons pass into and along sorting 
sidings at the most appropriate speed (i.e. at 
the maximum possible speed at which full control 
can be obtained over wagon movement and the 
requisite point clearance between “ cuts” can 
be obtained) ; the provision of power-operated 
foints controlled from one central position, and 
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the provision of mechanical means of retarding 
the speed of the wagons as they pass into the 
sidings, the retarders again being operated from a 
central position. 

The plan provides for the construction or 
reconstruction of some fifty-five marshalling 
yards, which would result in the total or partial 
closure of about 150 existing yards. It is broadly 
estimated that these proposals would cost about 
£80,000,000. 

Goods Stations.—The introduction of modern 
methods of handling goods is an important 
component in the quicker and more punctual 
freight service which the railways desire to offer 
their customers. Many schemes for the recon- 
struction or improvement of goods stations are 
also expected to yield substantial economies, 
principally derived from the more effective use 
of labour. Economies can also be realised 
through speeding up the turnround of wagons. 

In planning for the future it will be necessary 
to close various old depots and concentrate their 
work in a smaller number of large modern 
depots. This will reduce shunting and “ trip” 
working of trains, improve transits and con- 
centrate sufficient tonnage at stations to justify 
capital expenditure on mechanical handling 
appliances. 

These depots will be so constructed and laid 
out as to provide for the expeditious exchange of 
full-load traffic between road transport and rail. 

The total cost included in the plan for new and 
reconstructed goods stations is £50,000,000. 

Associated with the improvements at freight 
terminals there will be requirements for expendi- 
ture upon cranes and other mechanical handling 
devices ; additional collection and delivery road 
vehicles, and improved repair and maintenance 
depots for road vehicles. The additional expendi- 
ture involved for these items will be of the order 
of £10,000,000. 

Fitting of Continuous Brakes to Wagon Stock. 
—Great Britain is the only major industrial 
nation in which a large proportion of the freight 
traffic on the railways is still carried in loose- 
coupled wagons not fitted with continuous 
brakes. The absence of continuous brakes on 
freight trains necessitates slow timings and, 
consequently, undue occupation of the track. 
The additional headway required by the faster 
moving trains introduces a further serious source 
of delay to the slower moving loose-coupled 
trains. As a result, not only are the running 
times of the latter unduly protracted, but the 
trains have to be set aside in refuge sidings or 
running loops awaiting a margin to precede a 
faster timed train. 

The chief advantages of fitting continuous 
brakes are increased line capacity for all services, 
passenger and freight, because of more uniform 
speeds ; better transit times for freight traffic ; 
improved punctuality, and greater safety in 
train movement. 

The fitting of continuous brakes will also 
result in a considerable increase in the proportion 
of productive time to total booked time worked 
by train crews. In addition, it will lead to a 
Saving in the number of sets of relief enginemen. 

In the running of unbraked trains, the railways 
must provide catch points upon gradients more 
severe than 1 in 260. Continuous brakes would 
enable these points to be dispensed with, and 
eliminate the delays and expense that arise 
through having to use these safeguards. There 
are approximately 1000 places on British Rail- 
ways where wagon brakes must be pinned down 
before trains proceed over severe falling 
gradients ; the trains have to be brought to a 
stand for the wagon brakes to be pinned down, 
and subsequently have again to be stopped for 
the brakes to be released. The total time 
occupied in carrying out this regulation is about 
10,000 hours a week, which would all be saved 
if the wagons were fitted with continuous brakes. 

The higher average speeds of train movement 
and the better punctuality will lead to a reduction 
of about 2000 in the number of locomotives, 
with a saving in interest, depreciation and main- 
tenance costs. 

On the other hand, the increased speed of 
freight trains will impose additional demands 
on the locomotives, and it will be necessary to 
design the motive power for ~working heavy 
mineral trains with some modification compared 
with the present characteristics. The introduction 
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of continuous brakes will also mean extra time 
occupied in sidings and marshalling yards fo 
attaching and detaching wagons. In ‘addition 
fuel consumption will rise to some exient owin, 
to the higher train speeds, only part; illy offset 
by the reduction in the standing time of loco. 
motives. These factors will involve Additional 
cost. 

On balance, however, the adoption of cop. 
tinuous brakes is one of the most i mportay, 
single steps forward that can be taken by British 
Railways in the near future to improve the 
standard of their service, and it will be of materia] 
assistance in getting the best results irom new 
forms of motive power. The estimated Bross 
outlay on the provision of continuous brakes of 
the vacuum type is £75,000,000. 

Wagons.—British Railways at pre cnt own 
over 1,100,000 freight wagons. Cleaily there 
is a very substantial field for economies if the 
size of this wagon fleet can be reduced. One way 
of reducing the number of wagons required for a 
given volume of traffic is to increase their average 
size. There are, however, certain external 
factors to be taken into account, including the 
trading habits of the community. In this country 
many classes of merchandise are generally 
dispatched in relatively small consignments and 
on a retail rather than a wholesale scale. [py 
order to give prompt delivery, wagons must 
often be dispatched without waiting for a full 
load to be obtained. While, therefore, the 
Commission intend to develop full-load traffic 
by all means in their power, the scope for increas. 
ing the average size of merchandise wagons is 
limited. It is, however, proposed to increase 
substantially the number of covered merchandise 
wagons, with a corresponding reduction in open 
wagons, to meet traders’ requirements. 

More scope for the use of larger wagons exists 
in mineral traffic where, as is widely known, the 
Commission have recently introduced the largest 
coal wagon that can run on two axles on British 
Railways, with a capacity of 244 tons. The 
problem of replacing the existing wagons of 
lower capacity by the new 244-ton wagon is a 
complex one, involving the adaptation at con- 
siderable cost of terminal facilities and loading 
appliances, many of which are outside the 
Commission’s ownership. The Commission 
have, however, decided that by 1974 half the 
coal-carrying capacity on British Railways 
should be provided in 244-ton wagons. 

The second method of reducing the wagon 
stock is the reduction of round journey time, 
leading to an increase in the amount of revenue- 
earning work performed by each wagon in the 
course of a year. 

For the purpose of this plan the Commission 
have assumed an overall reduction of about 30 
per cent in wagon turnround time. A more 
drastic reduction should be possible and every 
effort will be made to secure it. A conservative 
percentage has been adopted because a further 
reduction will depend upon fundamental changes 
in operating practices which, in turn, are partly 
dependent upon co-operation from the users of 
transport. 

The wagon stock, on completion of the 
present authorised yearly programmes, up to and 
including the 1955 programme, will be divided 
as follows :— 


Open (merchandise)... ... ... ... ... 309,700 
Covered (merchandise) ... ... ... ... 148,000 
i sé. “eee -<es 606,900 
Special os 2,300 
ome ee ae 
SE 25. cc. cag abel ana. ene . 

UU Us. inn.” nde wks’) eee ae! coe 14,900 

1,141,500 


The important group of open and covered 
merchandise wagons totals 457,700. It is calcu- 
lated that by 1974, owing to the expected 
improvement in turnround time, this total will 
have fallen by between a quarter and a third, 
though the proportion of covered wagons in the 
total will have risen. 

In calculating the fleet of mineral wagons 
required by the end of the plan, the total tonnage 
capacity of the present fleet was assessed. After 
making provision, as was felt to be necessary, 
for at least some increase in traffic, the ultimate 
number of wagons required was calculated 
taking into account, first, the planned replace- 
ment of old wagons and the progressive introduc- 
tion of larger wagons, generally of 244 tons 
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pacity and, secondly, the expected reduction 
a omroun’ time. These calculations produced 
mineral wagon stock in 1974 as much as 40 per 
pe below ihe present figure of 606,900. 
final stock of all classes of wagons forecast 

at 1974 will fall from 1,141,500 to approximately 
7200" total number of wagons to be built to 
reach this position is 297,000, at a cost of £177 
million. [i the period 1956-70, 255,000 wagons 
will be built at a cost of £150 million, and this 
jatter expenditure has been included in the plan. 

This wagon-building programme will yield 
-nortant benefits to efficient operation, through 
the elimination of the older wagons, particularly 
those with grease lubrication, which require 
frequent repair. . ap fas 

There will also be a substantial expansion in 
container transport, and other technical develop- 
ments for the transfer of traffic between road 
and rail. It is, however, proposed that these 
requirements be dealt with in the ordinary 
annual programmes, and this document does not 
therefore contain any forecasts on the future 
stock and types of containers. 


SUNDRY ITEMS 


In addition to the main items of expenditure, 
it will be necessary to provide under the plan 
for a number of other developments, of which 
the principal are described below : ‘ 

(a) The shipping services operated directly in 
connection with the railways are for the most 
part based on specialised packet ports, which 
are either owned by the Commission or in which 
the Commission have a substantial interest. 
Various improvements are required at the 
Commission’s packet ports and, despite the 
growth of air services, the trend of traffic fully 
justifies the expenditure. 

Provision is made in the plan to spend about 
£12,000,000 on packet ports in Great Britain. 
In some instances, complementary port works 
may have to be undertaken by the responsible 
authorities on the Continent, in Ulster, and in 
the Republic of Ireland, but it is reasonable to 
assume that they would be prepared to act in 
concert with the Commission. : 

The works required relate to the Continental 
services, the Irish traffic, and to various estuarial 
services. In some cases, in addition to improve- 
ments at the ports themselves, additional works 
will be required inland, such as goods stations 
and inland customs depots, both for freight and 
registered baggage. Account has been taken 
in the plan of the fact that electrification is 
proposed for the railway lines serving both 
Dover and Harwich. Provision is not, however, 
included for new ships, since these in general 
would fall to be built as renewals of existing 
vessels. 

(b) The execution of the plan will involve the 
recruitment of a substantial number of technical 
staff, and obviously some office accommodation 
will have to be provided for them. A notional 
sum has accordingly been included in the plan 
for this purpose. 

(c) A sum has also been included for the 
purchase of mechanical office appliances. It is 
proposed to take full advantage of recent 
developments, since there appears to be con- 
siderable scope in railway work for the use of 
electronic computing machines. 

(d) It will also be essential to incur expenditure 
upon staff welfare. The term welfare covers a 
wide variety of items, including such things as 
messrooms, canteens and hostels ; lavatory and 
washing facilities, and social and recreational 
activities. The standards of accommodation 
and working amenities have a powerful influence 
on staff recruitment. Whilst much has been 
done to improve staff welfare standards in 
recent years, and expenditure since 1951 has 
been running at a level of £1,500,000 a year, at 
many places the standards will have to be 
improved considerably if the railways are to be 
able to attract and keep staff of a suitable kind 
against the competition of other industries. 

(e) Research and/ development work in con- 
nection with various aspects of the plan will be 
essential, although its shape cannot be forecast 
here. A sum of at least £10,000,000 must be 
envisaged. 

The total expenditure under the sundry 
headings mentioned above amounts to ap- 
proximately £35,000,000. 
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Steam Catapult for Aircraft Carriers 


This article describes the steam catapult which is now being fitted to aircraft 

carriers in the Royal Navy and in American aircraft carriers. It consists of two 

steam cylinders which can be of any required length, with floating pistons. A 

shuttle connects the pistons with the aircraft. There is consequently a longitudinal 

slot along the cylinder and the method of closing this slot as the piston proceeds is 
explained and illustrated. 


f tyne first slotted cylinder catapult for launch- 
ing aircraft using steam from the ship’s 
boilers, acting directly on the catapult itself, 
was installed for trials in H.M.S. “* Perseus ” 
during 1950. The success of these trials led to 
the adoption of what are known as the “ steam 
catapults ” now being installed in H.M. ships. 
In catapults prior to the steam catapult, the 
power to launch the aircraft was generated in a 


Towing Bridle 


Launching Valves 


Steam Supply from Boilers 


Steam Receivers 





of the catapult would become too great to enable 
them to be installed in any ordinary ship. 

In the steam catapult quite a different principle 
is employed in that the shuttle or trolley to 
which the aircraft is connected by its towing 
bridle is propelled along its track in the deck 
by two pistons which are directly connected to 
it and which slide in two cylinders placed side 
by side under the deck and extend the whole 
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Fig. 1—General arrangement of catapult mechanism 


hydro-pneumatic unit below the deck and the 
accelerating force transmitted to the aircraft by 
means of flexible steel wire ropes passing round 
pulleys to the ends of which was attached a 
small trolley running in a track sunk flush in 
the flight deck and to which the towing bridle, 
which pulled the aircraft along the deck, was 


length of the track. Steam pressure acts directly 
on these pistons and propels them along the 
cylinders so that the comparatively light pistons 
and the shuttle are the only moving parts of the 
catapult. A typical layout in the ship is illus- 
trated in Fig. 1, which shows the power cylinders 
housed under the deck and the steam receivers 
in which steam from the 
boilers is stored ready 
for the launch. 








Flight Deck Tracks Tee-piece Shuttle “ 3 
Fig. 1 also illustrates 
| n an aircraft secured by 
Conrey Rolle =A Seal its towing bridle to the 
i rs = ing Strip iy : 
Gini =A - 2 shuttle and retained by a 
ae ae : jh “ holdback” which is 
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hooked in a_ suitable 
fitting on the deck. The 
function of the hold- 
back, as itsnameimplies, 
is to hold the aircraft 
back against the thrust 
of its own engines, which 
must be run up to full 
power prior to the com- 
mencement of a launch; 
when the accelerating 
force is applied to the 
shuttle, this additional 
force added to that of 
the engine thrust causes 
a calibrated breaking 
link in the holdback to 
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break and leaves the air- 





Fig. 2—Cross section through main cylinders and driving keys 


hooked. With increase in the weight of the 
aircraft and the requirement for higher launch- 
ing speeds, the power required necessitated larger 
and heavier power units and correspondingly 
heavier ropes and pulleys, and it was evident 
that they had reached a magnitude and weight 
which would make further increase in catapults 
of this type impossible since the size and weights 


craft free to move for- 
ward under the acceler- 
ating pull of the shuttle. 
When the aircraft is ready to be launched with 
its engines running at full power the launching 
valves are opened, which admits steam from the 
receivers to the after side of the main pistons 
in the power cylinders, and the force on the 
pistons generated by this steam breaks the 
holdback and accelerates the shuttle and 
aircraft to the required speed along the deck. 
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Fig. 3—Details of floating piston and retarding ram, showing action of sealing strip 


In Fig. 2 a cross section through the catapult 
is shown; it illustrates how the two power 
cylinders are installed side by side in the trough 
formed in the flight deck. This trough is closed 
by two portable tracks or portions of deck 
which carry the channel-shaped rails in which 
the shuttle runs upon its rollers. The body of 
the shuttle is in the shape of an inverted “ T” 
of which an upper part projects through a slot 
between the two channel rails above the deck 
and forms the hook to which the towing bridle 
is attached. The flange of the ““T” on the 
underside is furnished at each edge with pro- 
jections or “dogs” which engage in corre- 
sponding dogs in the driving key attached to the 
piston. The two pistons and the shuttle are 
constrained to move axially, but have freedom 
relative to each other so that slight movement 
of the track or cylinders relative to each other 
is permitted by the dogs, which are provided 
with ample bearing surfaces. 

One of the piston assemblies is shown in Fig. 3. 
It consists of a main piston, piston distance 
piece, guide piston, retarding ram, driving key 
and driving iron. The main cylinder consists 
of a combination of three components, namely, 
the cylinder itself, the cylinder cover and the 
sealing strip. The cylinder cover is of a hook- 
shape and at one end engages a rounded surface 
formed on the cylinder in such a way as to per- 
mit rotational or hinge freedom relative to the 
cylinder, while at the other end of the hook a 
gap is left between the cylinder cover and the 
top of the cylinder bar. Into this gap is fitted 
the sealing strip, a strip of steel of rectangular 
section, which is bent up and down over an 
arc of large radius by the piston as it moves 
along the cylinder. Successive sections through 
the piston and cylinder are shown in Fig. 3. 
Section (a) shows a section through the driving 
key with the sealing strip lifted up by the driving 
key and passing over it in such a way that it 
leaves the gap between the cylinder cover and 
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cylinder open for the emergence of the tongue 
of the driving key which carries the dogs engaging 
with the shuttle. As the piston moves forward, 
the sealing strip, which does not move axially 
in the cylinder, is guided downwards by the slope 
of the upper surface of the driving key and the 
under surface of the driving iron, which guides 
the strip right down into its position in the gap 
between the cylinder cover and the cylinder 
bar, as shown in section (5). Section (c) shows 
the main steam piston with the component 
known as the sealing’ block mounted upon it, 
whose function is to seal the space in the cylinder 
cover and in the gap between the cylinder bars. 
As the piston moves for- 
ward it leaves the strip 
in the position shown in 
section (d). The steam 
pressure is acting im- 
mediately behind the 
main piston and the 
sealing block, and the 
effect of the steam pres- 
sure on the cylinder is 
to make it tend to open 
at the gap, but this f y- 
tendency is resisted by / 

the combination of the 

cylinder cover and the 
sealing strip, the latter 
acting as a strut trans- 
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versely between the 
cylinder bar and the 
cylinder cover. In this way the cylinder 


under pressure becomes a stable structure and 
the compression loads on the sides of the sealing 
strip due to its structural function create an 
effective seal against the escape of internal 
pressure and form what is virtually a closed 
cylinder in the wake of the piston. 

It will be noted that the combination of cylinder 
cover and sealing strip restore the strength which 
was lost to the cylinder by cutting the gap in 
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Fig. 4—Perspective view, with cylinder and cylinder one removed, showing floating piston and sealing 
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the cylinder wall, and that no external 
or other component is required outside the 
cylinder. This is one of the features Which 
made the adoption of a catapult of this king 
possible in a ship, where an externally 

cylinder would absorb an unacceptable a 


bracing 


mi 
of space and weight. 7 
The length of the accelerating stroke and 
therefore, of the assembled cylinder, js only 


limited by the length of the ship, but it is neces. 
sary to stop the piston assemblies and shuttle 
when they have reached the end of their available 
stroke. For this purpose two steel cylinders are 
positioned coaxially with the power cylinder 
bearing at their closed forward ends on a heavy 
structural member built into the ship’s hyjj 
These cylinders, which are illustrated in Fig, 5 
are open at their after end and kept full of 
water by pumping water through a series of 
nozzles in a nozzle ring positioned at the open 
end of the cylinder. The nozzles are inclineg 
axially and tangentially so that the water emerg. 
ing from them follows a helical path down 
the bore of the cylinder. When this flow of 
water reaches the closed end of the cylinder. 
its rotation is arrested by vanes on the face of 
the end plug and the water thereafter flows 
axially along the centre of the cylinder, and 
spills out through the centre of the vortex formed 
by the jets. By this means it is possible to 
maintain the cylinders full of water which js 
free of air bubbles. 

This method of filling and retaining the cylin. 
der full is a development of a suggestion made 
by J. R. C. Waterston, of Brown Brothers and 
Co., Ltd. 

The forward end of each piston assembly has 
fixed to it a retarding ram tapering from forward 
to aft, of which the largest diameter is slightly 
less than that of the bore of the choke ring fitted 
in the mouth of the retarding cylinder. As the 
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Fig. 5—Section through retarding cylinder 


piston assemblies, shuttle and aircraft are pro- 
pelled forward by the steam pressure, the point 
of the retarding ram enters the open end of the 
retarding cylinder and the water which it dis- 
places from the cylinder is forced to pass at high 
velocity through the annulus formed between the 
bore of the choke ring and the surface of the 
retarding ram. Since the velocity of the water 
through this annulus is very high, the pressure 
in the water within the retarding cylinder is 
raised thereby, and this pressure acting upon 
the area of the retarding ram creates a resistance 
to its forward movement sufficient to bring it to 
rest within the length of the ram. The energy 
of the water expelled through the annulus is 
further utilised in assisting to stop the piston 
assembly by causing it to impinge upon a curved 
annular surface or “ bucket”’ formed at the 
base of the retarding ram. This form of retarda- 
tion has been used by the Admiralty in catapults 
manufactured before and during the war. 

For the operation and control of the various 
valves and ancillary equipment, a_ separate 
hydraulic system is employed wherein the pres- 
sure is generated by a turbo-driven hydraulic 
pump. This hydraulic power is used for retract- 
ing the pistons and shuttle from the forward 
end of the catapult after a Yaunch to the after 
end ready for loading on another aircraft, and 
this part of the equipment consists of a small 
hydraulic cylinder which through a multiple 
reeving propels a hook back and forward along 
the track, which hooks on to the shuttle at the 
forward end and draws it back to the 
firing position from which it is released. 
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controls of the catapult are centralised in 
control console situated in the machinery 
é ment where the control worker operates 
1" functions of the catapult, the necessary 
“dications and interlocks being provided elec- 
nly, A secondary control position is pro- 
vied at the edge of the flight deck where a 
oad control worker operates a push button 
which fires the catapult, after it has been made 
ready at the main control console. _ 
The design and development of this type of 
catapult has been carried out for the Admiralty 
py Brown Brothers and Co., Ltd., Edinburgh, 
under the instructions and supervision of the 
ment of the Engineer-in-Chief of the 
_ Valuable assistance in the development 
has been given by the Admiralty Engineering 
Laboratory, West Drayton, and the Naval 
Construction Research Establishment, Rosyth, 
yho carried out photo-elastic, strain gauge, and 
fatigue tests and analysis on cylinder and cylinder 
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HE problem of cracking in service of 0-5 
te cent molybdenum steel steam piping 
became the subject of an investigation by sub- 
committee J/E of the Electrical Research Asso- 
ciation but, pending the results of this investiga- 
tion, the committee prepared certain recommen- 
dations (reported in THE ENGINEER, Vol. 183, 
page 149, August 16, 1946, and in Engineering, 
Vol. 162, August 30, 1946), the observance of 
which, it was considered, would reduce the risk 
of cracking. A full report (summarised here- 
with) has now been issued which not only records 
the results of investigatory work but also 
examines the incidence of steam pipe failures 
ina number of power stations. 


A number of casts of steel of varying com- 
position were specially made to eliminate, as 
far as possible, factors which might arise by 
variations in steelmaking technique and these 
were used for the majority of the laboratory 
tests. In addition, tests were also made on 
material from steam pipes which had failed in 
service. The main items explored were a com- 
parison of 0-5 per cent molybdenum and 1 
per cent chromium-molybdenum steels, the 
effect of the carbon content of 0-5 per cent 
molybdenum steel, the effect of surface irregu- 
larities and the effect of intermittent heating and 
loading as obtained in a two-shift station. 


EXPERIMENTAL WORK 


The laboratory tests generally showed no 
substantial difference in creep and rupture 
strength between the chromium-molybdenum 
and 0:5 per cent molybdenum qualities. One 
important and outstanding difference, however, 
was the markedly greater elongation at rupture 
of the chromium-molybdenum steel. 

Stress rupture tests on a 0:5 per cent molyb- 


denum, 0-07 per-cent carbon steel steam pipe. 


which had failed in service using un-notched 
and notched test specimens, showed that this 
material was superior to the experimental steels 
of similar and slightly higher carbon contents 
and it is concluded that there is nothing abnormal 
about the steam pipe as regards high temperature 
strength, 

It had been suggested that failure might be 
associated with low carbon content, and tests 
on the series of experimental steels with varying 
carbon contents suggested that the 0-5 per cent 
molybdenum, 0-11 per cent carbon steel used 
for comparison with the 1 per cent chromium, 
0:5 per cent molybdenum steel was abnormal 
and the former’s rupture strength was not com- 
parable with the other 0-5 per cent molybdenum 
steel. The carbon content tests showed that 
some benefit is to be derived from an increased 
carbon content if the stresses are high because 
in some cases of failure of low carbon molyb- 





* Summary of Report, Ref. J/T160, of the British Electrical 
and Allied Industries Research Association. 
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cover sections and by the British Welding Research 
Association, Cambridge, who subjected a com- 
plete cylinder section to a pylsating pressure 
fatigue test. A shortened version of the catapult 
was installed at Shoeburyness, where extensive 
tests on the retarding gear were carried out by 
the Armament Research Establishment. 

Catapults of this design are now being pro- 
duced by Brown Brothers and Co., Ltd., Edin- 
burgh, for installation in H.M.S. “* Ark Royal ” 
(Messrs. Cammell Laird and Co., Ltd., Birken- 
head), H.M.A.S. ‘‘ Majestic ’’ (Messrs. Vickers- 
Armstrongs, Ltd., Barrow), H.M.C.S. “ Bona- 
venture” (Harland and Wolff, Ltd., Belfast), 
H.M.S. ‘“ Hermes” (Vickers-Armstrongs, Ltd., 
Barrow), and H.M.S. “ Victorious” (H.M. 
Dockyard, Portsmouth). It is the intention to 
replace with steam catapults the existing hydro- 
pneumatic catapults in all other operational 
carriers, as production and Service commitments 
permit. 


Cracking in Service of 0-5 per cent 
Molybdenum Steel Steam Piping’ 


denum steel, cracking occurred where there was 
abnormally high local tensile stresses. 

The results of tests carried out to investigate 
the effect of repeated loading and heating gave 
definite indications that when the stress was 
high such cycles were somewhat detrimental to 
both 0-5 per cent molybdenum and chromium- 
molybdenum steels but at lower stresses little 
effect was observable. 

It was considered that the only way to investi- 
gate the effect of surface irregularity was by pro- 
ducing a controlled degree of stress concentration 
by means of notches in the test specimens, and a 
comparison of tensile rupture tests on un-notched 
and notched specimens indicated in general a 
decrease in rupture life in the presence of a 
notch. 

None of the other factors examined, such as 
the effect of local surface damage or of decar- 
burisation, had a significant effect on the rupture 
Strength or gave a definite lead in connection 
with the problem of discriminating between 
different steels. 

It was considered desirable to examine the 
response of 0-5 per cent molybdenum and 
chromium-molybdenum steels to stress relief 
treatment and this work showed that the stress 
relief treatment at 620 deg. Cent., recommended 
in the precautionary measures previously referred 
to, would produce about 70 per cent reduction in 
stress. (Initial maximum stress -in bending 
10 tons per square inch.) 


SERVICE EXPERIENCE 


The survey of service experience covers six 
power stations, of which four were essentially 
continuous service stations, designated B, C, 
E and F, and two designated A and D, operated 
under the two-shift system. The total number 
of failures of the type under examination was 
forty-seven, of which forty occurred at the two- 
shift stations, thirty-seven being at station A 
and three at station D, which is a relatively new 
station, so that this number of failures cannot be 
taken as a true indication of behaviour under the 
conditions at this station until more information 
is available. 

At station A, the plant was shut down nightly 
and the temperature of the steam in the piping 
system fell from approximately 910 deg. Fah. 
to 480 deg. Fah., or lower, and then, when 
starting up on the morning shift, rose steeply to 
910 deg. Fah. in about half-an-hour. In addition 
to this daily change of temperature there were 
quite frequent temperature swings above the 
design temperature, many of which exceeded 
1000 deg. Fah. There is considerable evidence 
that the conditions at this station have improved 
considerably during the last few years. 

All the pipes which failed at this station were, 
with one exception, of low carbon, 0-5 per cent 
molybdenum steel, with an average of about 
0-07 per cent carbon and, as stated previously, 
it had been suggested that a low carbon content 
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might be associated with failure, but this one 
exception is very significant. This pipe, with a 
higher carbon content of 0-14 per cent, had 
originally been. made for station B, in which the 
piping system was similar to station A. No 
pipes have yet failed at station B, which operates 
continuously, but the transferred pipe failed at 
station A, so that material of one supply, which 
has proved satisfactory under continuous load 
has failed under two-shift operation. 

No case of intergranular cracking in 1 per cent 
chromium, 0-5 per cent molybdenum steel has 
been reported, but there does not appear to be 
any station with piping wholly of this type of 
steel working under two-shift conditions such 
as were in operation at one time at station A. 
All the later failures at this station have been 
replaced by pipes made from chromium-molyb- 
denum steel and no failure of the steel has been 
reported. This limited experience suggests that 
chromium-molybdenum quality is better able 
to meet the intermittent conditions operating at 
station A, but it is not conclusive because the 
operating conditions at station A have been 
improved and it is recommended that further 
trials be made on this quality of steel. 


CONCLUSIONS 


It is reported that the incidence of steam pipe 
failures of 0-5 per cent molybdenum steel is 
largely associated with two-shift operation in 
which additional stresses arising from thermal 
action are imposed during each heating and 
cooling cycle. The committee recommends, 
therefore, that steps be taken to reduce, as far 
as possible, the thermal stresses arising on heat- 
ing and cooling and that the measures, which 
were previously recommended to reduce the 
risk of cracking, should still be observed. 

In several cases of cracking of 0-5 per cent 
molybdenum steel in service there was evidence 
that abnormal local stresses had been a contri- 
butory factor. The experimental work revealed 
that although there was no substantial difference 
in rupture strength at service temperatures 
between 1 per cent chromium, 0-5 per cent 
molybdenum and 0:5 per cent molybdenum 
steels, the former possessed markedly greater 
elongation at rupture. Where high local stresses 
have to be accommodated it seems probable 
that 1 per cent chromium, 0-5 per cent molyb- 
denum steel is better able to do this than 0-5 
per cent molybdenum steel. Experience with 
chromium-molybdenum steel under intermittent 
working has been satisfactory and it may be 
that the difference in ductility which has been 
associated with improved resistance to cracking, 
has an important effect on the serviceability under 
such conditions. Although the evidence is 
incomplete, it. appears to the committee that 
1 per cent chromium, 0-5 per cent molybdenum 
steel is superior to 0-5 per cent molybdenum 
steel for service where repeated variations of 
high stress and temperature may occur. 

In the light of present experience it is recom- 
mended that where two-shift conditions are, 
or are liable to be, in operation, the chromium- 
molybdenum steel should be chosen in preference 
to 0-5 per cent molybdenum quality. 





Arc WELDING SHOP AT ACTON WorkKS.—A new 
electric arc welding shop has been installed at the London 
Transport railway central overhaul works to provide 
facilities for making the increasing proportion of fabri- 
cated components required in the maintenance of electric 
rolling stock. The new shop has two parallel rows of 
welding booths, with an open space between giving 
access to the equipment and storage space for work in 
progress. The four booths in one row are for d.c. 
welding, and are supplied from two double-operator 
generators. The six booths in the other row are for the 
a.c. welding and are served by a six-operator transformer, 
supplied by: the English Electric Company Ltd., with 
maximum rating of 300A per operator. The a.c. welding 
transformer is mounted on an overhead gantry and its 
supply cables are carried in a longitudinal steel duct 
on a panel which forms the backs of the welding booths. 
Each booth contains a regulator connected to the 
distributor cable by plugs and sockets. Each phase of 
the transformer supplies an adjoining pair of booths 
and it is possible, by paralleling, for currents up to 600A 
to be used. Fume exhaust ducts, one to each row of 
booths, are connected through apertures with the canopies 
covering the rear part of each booth. Motor-driven 
fans eject the fumes to atmosphere through vertical ducts 
outside the building. The welding tables are mounted 
on wheels and can, when required, be drawn forward 
on flush rails to positions clear of the overhead canopy 
for heavy work to be loaded on to them by an electric 
overh travelling crane of 2 tons capacity, supplied 
‘by the Wharton Crane and Hoist Company, Ltd. 
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TWILIGHT OF RAILWAY STEAM 


Since the war, so it is said, this country 
has spent too little on capital re-equipment. 
As a general statement it may or may not be 
open to doubt, and for our part we are quite 
content to let economists argue the point. 
But it is certainly true that too little has been 
spent on inland transport. Both road and 
rail have been starved of capital. Within the 
last few months the Government has, at 
last, come to recognise that it is essential 
to spend more on road development, though 
even now the planned expenditure still falls 
far short of real needs. This week the British 
Transport Commission submitted a plan 
to the Minister of Transport outlining what 
it is essential to do if the railways are ever 
financially to be put on their feet again and 
are adequately and efficiently to serve. the 
people and industries of this country. The 
cost amounts to £1200 million, of which 
£400 million can be found from the railways’ 
existing resources, and the aim is to complete 
the work described in the plan within fifteen 
years, suggesting an average rate of expendi- 
ture of £80,000,000 per annum. The plan 
is based upon the reasonable enough con- 
ceptions that industrial expansion should 
bring at least a share of increased traffics to 
the railways, that the railways should be 
able to concentrate upon the carriage of 
those traffics for which they are best suited, 
and that the existing trends towards increased 
passenger travelling will continue. But the 
train mileage predicted for 1970 is not very 
different from that now ruling. In effect, it is 
expected that services will be more intense 
and more economically planned and trains 
more fully loaded. There will be increases 
in suburban passenger services and increases 
in fast and semi-fast long-distance passenger 
services, but a marked reduction in stopping 
and branch line trains. Freight, to a large 
extent, will be carried in fast continuously 
braked trains, marshalled in relatively few 





new or reconstructed yards, and loaded in 
reconstructed terminals. The tracks and 
signalling will be designed on main lines for 
speeds up to 100 m.p.h. None of these 
proposals, or others in the plan, is new. All 
have, for long, been discussed. What is 
new is the welding of all into one compre- 
hensive logical whole. 

Above all, the plan calls for a change in 
motive power. If the plan is approved by 
the Government—it is difficult to see any 
general grounds on which it could be 
rejected—the long predominance of steam 
locomotives on British railways will begin 
to end. From 1957 onwards no further 
express or suburban “ steamers” will be 
built, and within a very few more years no 
further steam locomotive.construction will be 
undertaken. Electric and diesel locomotives 
and electric and diesel multiple-unit stock 
will replace them. The time has come in this 
country, as it has already come in others, 
for steam locomotive admirers to begin to 
say a sad “* good-bye.” The “‘ steamer ”’ stands 
in the report condemned not on grounds of 
thermal efficiency, not on grounds that it 
cannot do the work effectively or compete 
in economy, at least with diesels. The case 
against it is compounded of its demand for 
large coal, now in short supply ; its con- 
tribution to air pollution and to the dirtiness 
of stations and carriages ; its inability to 
compete with the acceleration achieved 
electrically, and the hard manual labour that 
it demands of its crew and those concerned 
with its servicing. It is deemed wasteful of 
labour resources. Yet the decision to 
supersede it and to build some 2500 main 
line diesel locomotives within fifteen years 
is still a bold one. For the diesel locomotive 
—apart from the shunter—whether with 
electric, hydraulic or mechanical trans- 
mission, still less the gas turbine locomotive, 
has not yet proved its suitability for British 
conditions. The few main line diesels on 
British Railways have all experienced 


Jan. 28, 1955 


troubles. But the decision still seems wig. 
At present, those locomotives have been 
** odd men out”’ on the rails and is: the Shops 

Many of the troubles from which they sul 
can be expected to vanish as sooi as diesel 
become the ordinary railway moive power 
and repair staffs and mainten:ince rey, 
have become accustomed to heir idio. 
syncracies. Electrification is to |v Pursued 
in suburban areas and upon two : ain lines 
But there, too, certain problems remain 
unresolved. There can be no dovdt that the 
British Electricity Authority will be able t 
provide the power, and little, if any, doyy 
that manufacturing industry will be abj 
to meet the demand for electric !ocomotive 
and the great amount of other plant «nd equip. 
ment. Mr. B. H. Leeson, director of Beama, 
has, indeed, already welcomed ihe plan, 
But no definite choice seems yet to have been 
made whether to adopt the widely favoured 
1500V d.c. system or the 50-cycles-per. 
second, single-phase system which is being 
used extensively in Northern France. Indeed, 
upon a great many points of technical 
detail the plan is silent. For its purpose 
is to present a general picture of the 
future, not to stress the technical detail 
through which expected results are to be 
attained. 

The reading of the plan—a long extract 
from which is reproduced elsewhere in this 
issue—must raise amongst engineers a 
number of queries which it makes no attempt 
to answer. If steam locomotives are not to 
be built, what is to happen to railway work- 
shops ? The possibility that British Railways 
might eventually decide to build its own 
diesel and electric locomotives or parts of them 
cannot, we suppose, be excluded. Much de- 
pends, no doubt, upon the suitability of the 
workshop equipment for other work and how 
much it would cost to modernise and 
re-equip. But labour questions obviously 
come into this picture, too. Indeed, labour 
questions are raised by many of the pro- 
posals in the plan. Repeatedly references 
are made to savings in labour costs. It is, 
in fact, one of the objects of the plan to 
carry more traffic through the work of fewer 
men, and it seems optimistic to suppose that 
traffics could grow so much that a labour 
force as large as at present could be efficiently 
employed. Yet in thinking in terms of man- 

‘power it is well to remember that even 
though there are now redundancies in some 
grades, there are shortages in others, and 
that manpower on the railways is already 
falling—there was a reduction of some 17,000 
last year. Furthermore, fifteen years must 
elapse before the plan is realised. By adopt- 
ing a wise policy of recruitment there 
is no reason why British Railways should 
not continue to attract younger men 
into its ranks with prospects of 
promotion, nor why it should arouse in 
older men fears of unemployment. The 
manpower adjustment can in general be 
made slowly. Nevertheless, in one ficld, 
manpower adjustment will need to be more 
rapid. For many years, and more particularly 
since the war, railway service has not seemed 
to offer much prospect for top-quality 
technical men. . Yet, to do the immense 
amount of technical work that will be 
involved in carrying out the plan and to 
make possible wise decisions about 




























































































































































































ignumerable technical questions that will 

answers, much larger first-class tech- 
sical staff than British-Railways at :present 

sses Will surely prove essential. 
Technical staff will therefore have to be 
reruited. There, fortunately, the terms of 
ihe plan itself, amounting to an exciting 
echnical reorganisation of very large pro- 
portions of the whole railway system over 
the period of the next fifteen years, with, 
no doubt, further development of the same 
kind to follow, may well serve to attract 


a bigger entry. 


NEW WEAPONS AND THE NAVY 


The forthcoming publication of the Defence 
White Paper should be of more than usual 
interest in the light of Field-Marshal Mont- 
gomery’s assessment of the effect of atomic 
weapons on land and sea warfare. He and 
the Supreme Allied Commander, Europe, 
have no concern with wishful thinking. 
Their task is to plan the most effective method 
of resisting the advance of the Soviet Army 
in the event of aggression and they believe 
that this can only be done at the outset by 
the deliberate use of thermo-nuclear weapons. 
No doubt they have explored every possible 
alternative and have an assurance that we 
can maintain our superiority in new weapons. 
For their planning rules out any possibility 
of retaining the hydrogen bomb solely as.a 
retaliatory measure—a policy which it seems 
probable the Soviet Government would 
willingly adopt as its own, in view of the 
massive power of the United States Strategic 
Air Force. But whatever the means, if ulti- 
mate victory is to be our aim, it is of para- 
mount importance to keep the Soviet Armies 
away from Holland, Denmark and Northern 
France. From those countries Britain— 
which is the essential base for reinforce- 
ments, supplies and future offensive opera- 
tions—would be within close and effective 
range of bombers, guided rockets and guided 
winged missiles launched from aircraft. 

It is to be hoped, however, that the 
Government will pay less heed to the Field- 
Marshal’s views on sea warfare. The Navy’s 
historic role, he says, is becoming less 
important ; guided missiles and nuclear 
weapons will make navies unnecessary and, 
in time, air power will be the main factor 
in the control of the seas. Lord Mont- 
gomery speaks as a soldier with no experience 
of naval gperations and has in mind, pre- 
sumably, the future supersonic long-range 
guided rocket. But surely missiles will 
always be more accurately delivered the 
closer the launching platform is to the 
target ? And is not the launching platform 
less likely to be located and destroyed if it is 
mobile ? Nor is the Field-Marshal any 
more convincing in his views on the exercise 
of control. He seems to forget that aircraft 
cannot distinguish one of the 2500 peaceful 
merchant ships at sea from a disguised raider 
and that there are days and nights when air- 
craft cannot operate efficiently, if at all, over 
the sea! Reliable long-range guided missiles 
are at present confined to the winged ‘‘ V-1 ” 
type, such as the U.S. “ Matador” and 
“ Regulus,” with a range of 500 miles. These 
missiles are, however, subsonic and large 
enough to present a good target to anti- 
aircraft defence. They do not therefore 
seem to be a worthwhile main armament 
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missile for surface ships, though they can 
be, and have been, launched from surface 
ships, submarines and aircraft. The U.S. 
guided rocket “ Corporal,” with a range of 
50 miles, if and when fitted with a nuclear 
warhead, is another alternative, but until it 
has been proved absolutely reliable and proof 
against jamming it would seem wise not to 
discard the radar-controlled gun. Indeed, in 
view of the thirty cruisers which the Soviet 
Navy is expected to have in 1957—most of 
them with a main armament of 7- lin guns— 
it must be difficult for the Admiralty to 
decide on the kind of offensive guided missiles 
required and on the time to start building 
ships to carry them. For the present the 
primary consideration in reaching a decision is 
the destruction of enemy surface ships and 
submarines. But we may perhaps.expect the 
guided rocket to become within a few years a 
reliable missile carrier for ranges of 1000 miles, 
when the fullest value will be obtained from 
sea-power against an enemy who does not dis- 
pute the control of the sea communications. 
For there will then be few important war 
potential targets outside the range of a 
guided missile ship off an enemy’s coast. 
Until that day arrives we in Britain believe 
that those targets are best left to the Royal 
Air Force and we do not intend to follow 
the United States in building super-carriers 
of 60,000 tons to operate heavy medium- 
range bombers. The Royal Navy requires 
heavy carriers to operate fighters, fighter 
bombers and anti-submarine aircraft to 
locate and destroy surface ships, long-range 
aircraft and submarines and to provide air 
support during amphibious operations. 
Thanks to British genius in producing the 
steam-operated catapult and the angled 
flight deck, these requirements can now be 
met in fast medium-size vessels of the 
“ Hermes ” class, with a designed displace- 
ment of 18,000 tons. No longer is it necessary 
to think in terms of the 36,800-ton “ Ark 
Royal,” laid down during the war and now 
being completed at'a cost which will probably 
work out at about £24,000,000. The 
“Hermes” class carry fewer aircraft, but 
are in no way inferior to the “‘ Ark Royal ” 
in any operational role, and in view of the 
many focal trade areas to defend and the 
losses to be expected in amphibious opera- 
tions in enemy waters, it is preferable to 
have three smaller carriers rather than one 
large one to carry a given number of aircraft. 
Moreover, these medium-size vessels cost only 
about £10,500,000 to build, which is not an 
exorbitant price to pay these days for ships 
that form the striking power of the Navy. 





Letters to the Editor 


We do not hold ourselves comee® fe the opinions of our 


THEORY OF COMPLEX STRESS CREEP 


Smr,—It has occurred to me only recently that 
two correspondents of yours, Dr. A. E. Johnson 
and Dr. N. E. Frost, about a year ago [issue of 
November 13, 1953, page 633.—Ep., THE E.] 
published comments on my paper “ Influence of 
Primary Creep on Stresses in Structural Parts” 
(Transactions of the Royal Institute of Tech- 
nology, Stockholm, Sweden, No. 66, 1953), 
which I would like not to leave undisputed. 

I agree with your correspondents that the 
quantity @, as computed from Dr. Johnson’s 
experimental data, has little relation to the 
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minimum rates. In fact, the corresponding 
determination of the constants Kg, %, x and n 
is certainly valid only for the time period of the 
test. Nothing else has been claimed. My claim 
is that for the 200-hour tests my theory gives as 
true a representation of the test data within the 
experimental error as anyone else’s. 

Relations of the type 

@,=FU;,) sy f(), 
put forward by Dr. Johnson, must be rejected 
for other reasons—see I. Roberts (Am. Soc. Test. 
Mat. Proc., Vol. 51, 1951, page 811), and also my 
own feature article in Applied Mechanics Review, 
published in the December issue of 1954. 

I quite believe that progressive anisotropy 
due to deformation will develop in the course of 
flow, but I really doubt that such appreciable 
anisotropy could be measured for total strains 
of the order of, say, 1 per cent or less. 

FoLkE K. G. ODQvIsT, 
Royal Institute of Technology 
Stockholm, 
November 11, 1954. 


Sir,—We are glad to note that Professor 
Odqvist restricts the validity of his equations 
to a 200-hour period. His use of these equations 
in the text of his paper has given the impression 
that they were also intended to represent 


‘minimum rate conditions beyond the 200-hour 


period. It must be emphasised, however, that 
even for the 200-hour period the physical features 
of these equations as applied to our results are 
incorrect. The creep rates during this period 
are by no means constant, but decay appreciably 
with time. This decay has since been confirmed 
by torsion creep tests in a creep unit which is 
easily capable of measuring rates of order 10-* 
per hour. 

With regard to relations of the type 

€,=F (VJ,) sy f(@). 
while this is not the place to enter into a detailed 
consideration of the objections of Mr. Roberts 
to equations of the “time hardening” variety 
(which objections are presumably shared by 
Professor Odqvist), it must be pointed out that 
the validity of the above equations has been 
restricted to the case of constant stress from 
zero time onwards which were the conditions of 
our experiments, and for which (as is noted by 
Roberts in his paper), the equation is indis- 
putably valid. For wider (constant) stress and 
time regions than were dealt with in our experi- 
ments it may easily be generalised in the form 
é,== F(J,) sy f (0) 

Necessary modifications to meet the cases of 
variable stress, or stress system between zero and 
current time, and the case of relaxation condi- 
tions are the subject of present experiment, and 
it is hoped to finally put forward a completely 
generalised equation. 

Concerning the onset of anisotropy at high 
stresses we cannot feel that any doubt exists, on 
the basis of the experimental evidence of its 
existence at strains of the order concerned. 

A. E. JOHNSON 

Glasgow, N. E. Frost 
November 22, 1954. 


HISTORY OF LUBRICATION 


Sir,—In the course of some historical research 
in the theory of lubrication I have read your 
very interesting series of articles of July 14, 
21, and 28, 1944, on “ Historic Researches.” In 
your article of July 28, 1944, with reference to 
Reynolds’s development of his theory of lubrica- 
tion, you say: ‘‘ At the Montreal meeting of 
the British Association of 1884 he laid the 
result of his studies before Section A.”” Reynolds 
presented three papers at that meeting but in 
the report of the B.A. they are only given by 
title and they were not reprinted in Reynolds’s 
Collected Papers. I have never seen these 
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papers and the secretary of the B.A. has recently 
advised me that they do not have any copies. 
I should very much like to know how a copy of it 
might be obtained. 

Actually the priority of discovery of the basic 
requirement in the shape of a lubricating film 
may be open to some argument. At the same 
meeting of the British Association in Montreal, 
Lord Rayleigh, who was president, said in his 
presidential address: ‘“‘It would appear to be 
necessary that the layer should be thicker on 
the ingoing than on the outgoing side.”’ Ray- 
leigh does not credit Reynolds, though the 
wording is sufficiently general that it might not 
be considered necessary to give the source of 
the idea. However, I should say it was not the 
least characteristic of Lord Rayleigh to dis- 
regard a priority of this kind. He (Rayleigh) 
then goes on to suggest that a theory, to account 
for Tower’s findings, should be forthcoming 
from Sir G. G. Stokes and no reference is made 
to Reynolds. It may be too late to settle the 
matter but Reynolds’s unpublished paper of 
1884 (“On the Action of Lubricants” and 
“On the Friction of Journals ’’), might help. 
It would also be very interesting from the point 
of view of the evolution of the theory of lubrica- 
tion in Reynolds’s mind. 

In your article you also give a brief bio- 
graphical note on Tower. It would, I think, 
be of interest to mechanical engineers everywhere 
to know more of Tower and I should very much 
like to know where more information- might be 
found and in particular to get a picture of 
Tower. 

The theory of lubrication has been an import- 


hydrodynamics and its short history is quite 
interesting with some odd features about it. 
For example, a suggestion that a thrust bearing 
surface should be formed of one or more helicoids 
to give the wedge-shaped film was made by a 
Professor Archibald Barr in the discussion to 
Tower’s report of 1888. In the same discussion 
a Mr. H. Holroyd Smith claims to have had the 
same idea. Neither of these suggestions were 
ever (apparently) taken up until much later 
Kingsbury and Michell did it by, perhaps, a 
better method but without any acknowledgment 
of Professor Barr’s remarks. 
(1915) a U.S. patent was granted to Eugene U. 
Gibbs of the S. Morgan Smith Company, on a 
bearing of essentially the scheme suggested by 


Professor Barr. Others have also used the 
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arrangement. 


I should be most interested to hear from you 
or some reader on any of these obscure matters 


of history. 


FRANK R,. ARCHIBALD, 
Analyst, Arthur D. Little, Inc., Cambridge, 
Massachusetts. 


January 14th. 


THE EFFECT OF COULOMB FRICTION IN 
THE PLANE STRAIN COMPRESSION OF A 


PLASTIC RIGID MATERIAL 


Sir,—Prager’s geometrical method of con- 
structing slip line fields in problems of the plane 
plastic flow of a plastic rigid material* enables 
solutions to be obtained to problems having 
Coulomb friction conditions at the interface be- 





* Prager, W., 1953, Trans. Royal Inst. of Technology, Stock- 











Many years later 
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Solution for ; =7, p=0-15 
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tween the material and the deforming mediym 

As an example, the figure shows a typical 
solution,to the problem of plane sirain com- 
pression, b being the platen breadth and ; the 
material thickness. The “ pole” of any Mohr 
circle in the stress plane is defined as the Point 
from which a line, parallel to a plane through a 
generic point in the physical plane, will cut the 
Mohr’s circle at a point representing the norma| 
and shear stresses on that plane. Prager has 
shown that in travelling along a slip line, the 
pole of the Mohr’s circle representing the state of 
stress along that slip line traces a cycloidal path, 
as the circle rolls along one or other of its hori. 
zontal tangents (the o,/k axis of the stress plane 
being horizontal). 

Thus in the figure the cycloid 123 in the stress 
plane represents the state of stress along the slip 
line 123 in the physical plane, defining a centred fan 
in this example. The point 3 in the stress plane 
is defined by the fact that the point 3H on the 
Mohr’s circle cut by the horizontal from the pole 
3 lies on the straight line passing through the 
origin of the stress plane at an angle whose 
tangent equals the coefficient of friction u. The 
ratio of shear stress divided by normal stress on 
the horizontal plane through the point 3 in the 
physical plane therefore equals yu. Since the 
region A34 in the physical plane is a region of 
constant stress, the ratio of shear stress to normal 
stress on the surface of the material also equals y, 
as required. 

The complete solution is continued in the 
normal way, as shown, one quadrant being suffi- 
cient to exhibit all features of the symmetrical 
solution. For the case shown, i.e. b/t=7, y= 
0-15, it is found that the ratio of the mean pres- 
sure p on the platens to the plane strain com. 
pression yield stress without friction 2k (where 
k is the yield shear stress) is p/2kK=1-713. In 
the figure o, is normal stress, +,, is shear stress 
on any plane, and u is the downward velocity 
of the upper platen. The system of notation is 
that adopted by Prager, the point labelled 11,” 
11,", 11,%, 11,7 in the hodograph represent- 
ing the downward velocity u of the central 
rigid zone. It is hoped to publish a complete 

account of this and other similar solutions later, 


J. M. ALEXANDER 
Aluminium Laboratories, Limited, Banbury. 





Sheffield’s Water Supply 


WE have received from the chief engineer of 
Sheffield Corporation waterworks a_ brochure 
which has just been published describing that 
city’s water supply. It contains a brief descrip- 
tion of the history and present installations of 
the undertaking, with statistics about the system 
as a whole and about reservoirs, service reservoirs, 
pumping stations and filtration works. Sheffield 
is intersected by the River Don and seven of its 
tributaries, and the favourable local conditions 
for water supply and storage have no doubt 
influenced its growth. At present the total 
quantity of water supplied by the undertaking is 
about 50 m.g.d., which reaches the distribution 
system by gravity from moorlands to the west 
and north-west of the city, where the run-off is 
impounded in eight large reservoirs, all within 
13 miles of the town hall. There are fourteen 
impounding reservoirs altogether, totalling 6762 
m.g. in capacity and 999 miles of mains ; half a 
million people are supplied directly and another 
quarter of a million by bulk supplies to neigh- 
bouring water authorities. Sheffield is entitled 
to 25 per cent of the yield of the Derwent Valley 
Water Board, after certain local demands have 
been met, and a quantity of about 10 m.g.d. is 
in fact obtained from this source. All the water 
supplied by the Sheffield undertaking is filtered 
and disinfected, and the acid tendency of the 
water is neutralised by lime. The distribution 
system is in three principal zones, according to 
altitude, and booster pumping is employed at 
twenty-two stations on the supply lines. 
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Some Factors in the Selection of 
Machinery for Cargo Liners 


No. I: 
By CDR. (E.) L. BAKER,* D.S.C., R.N. Ret. 


Rather more than twenty years ago Cripps (1930)t presented a paper on the broad 

economic factors of the operation of cargo liners and this was followed eighteen 

months later by some further consideration of the problem by Davis (1932). 

Much of what was then written is still true and the Thomas Lowe Gray lecture 

presented before the Institution of Mechanical Engineers last Friday was largely 

concerned with revising the data then presented. We here print extracts from the 
lecture. 


THE SPEED OF CARGO LINERS 


RIPPS wrote: “Probably the most 

important point in designing a cargo 
liner is that of speed. A shipowner running 
ships in a regular trade to a more or less 
fixed schedule requires the maximum efficient 
speed for the type of cargo he expects to 
carry. That is to say, he wishes to employ 
in the trade the fastest ship which that trade 
can maintain economically. The problem 
which he has to solve is governed by the 
kind of cargo he carries, and the speed of 
his ships must depend on the price the user 
is prepared to pay to obtain the goods in 
the shorter time resulting from extra speed. 
The user saves money by the earlier delivery 
of his goods, while the shipowner charges 
on the average a higher rate owing to the 
extra cost of the increased speed, less the 
saving due to a reduced number of ships. 
The task of the designer is to provide for 
an increase in the speed at the lowest possible 
capital cost and ensure that upkeep expenses 
resulting from a new design shall be no 
more and, if possible, less than normal, 
whilst taking advantage of anything he can 
to increase the carrying power of the ship.” 

This statement is still true, but for evaluat- 
ing the speed for a particular service it is 
somewhat over-simplified, since it leaves 
out of account the facts that the working 
day, without overtime, involves at most the 
daylight hours, that tidal restrictions may, 
and indeed do, occur, that the distance 
between ports is finite, and so on. These 
and similar factors, combined with those 
stated by Cripps, tend to cause the economic 
speeds of liner schedules to fall on one of a 
number of more or less discrete values ; 
this is because the voyage cycle must be 
linked with a number of ships which in turn 
must achieve a certain speed in order to 
maintain the schedule. For example, it 
was found that eight ships were unable to 
maintain a designed schedule with a speed 
of 17 knots and that 18-5 knots would be 
needed, but the same service could be 
achieved by nine ships with a speed of 16-5 
knots. The “speed bands” for a long- 
distance service correspond roughly with 
13-5, 15, 16-5, 18-5 and 23 knots. 

In this connection the time spent in port 
during a voyage is of the greatest significance. 
This time is used, of course, in handling the 
cargo, dry-docking the ship, and carrying 
out repairs. There has been no significant 
development in cargo-handling in the last 
twenty years and, indeed, with the restrictive 
outlook of labour and the lack of capital 
for port development schemes, progress is 
likely to remain negligible. It is also greatly 
affected by world conditions. For example, 
in times of stress it may be difficult to clear 
dock areas so that cargo-handling is slowed 
down for lack of space on which to put the 


* Chief superintendent , Blue Funnel Line. 
t An alphabetical list Fm mh is given in an Appendix, 





cargo, or dock strikes at home may result 
in lack of work in the ports of discharge 
abroad. It follows that for normal condi- 
tions the amount of time spent in port is 
allied to the size of the ship, the cargo- 
handling equipment and the cargo carried. 
There has been a general improvement in 
the time spent in port as labour and world 
conditions have settled down after the war. 
With a few exceptions the faster ships spend 
a larger proportion of time in port ; since 
the ships concerned are all of roughly the 
same size, it follows that this is due largely 
to the reduction in sea time which has no 
compensating reduction in cargo-handling. 


THE DESIGN OF A NEW SHIP 


The shipowner having made his decisions 
based on the commercial probabilities now 
turns the problem over to the naval architect 
who has to integrate the commercial and 
technical requirements into a composite 
whole. He is asked to design a ship to meet 
the cargo and speed requirements, and to be 
capable of operating on a certain service 
which will probably entail limitations of 
draught and possibly of beam and length. This 
is particularly true of ship operations from 
Merseyside to the Far East where the length 
of berths restricts the length of ships and the 
bars at certain Far East ports limit the 
draught on entering and leaving the ports. 

The naval architect has also to meet the 
requirements of, say, Lioyd’s Register and, 
in some instances, of the Ministry of Trans- 
port in respect of the hull and equipment of 
the ship. Care is also needed in the design 
to take advantage of every relaxation in 
calculating the tonnage of the ship so that 
the dues for ports and canals are reduced 
to the practicable minimum. The reputable 
liner owner has no use, however, for freak 
ships that are difficult to operate even though 
they may be of low net registered tonnage. 


THE NAVAL ARCHITECT’S ANALYSIS OF A 
DESIGN 


With the length and draught somewhat 
circumscribed, the naval architect is further 
tied by the desire to obtain the best length/ 
beam ratio for the required service speed, 
together with a reasonable block coefficient 
to ensure efficient use of the power so that 
the major variables are restricted to quite a 
narrow range. The range is, nevertheless, 
wide enough to admit of several possible 
answers to the same problem, and in the 
embodiment of the owner’s requirements in 
the final design lies the greatest art of the 
naval architect. 


SOME CONSIDERATIONS OF THE POWER/ 
WEIGHT RATIO OF MACHINERY 


At this juncture it may be of value to 
digress slightly and to discuss the power 
required for propelling a hull through the 
water, and the effect of the weight and space 
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occupied by the machinery for the power 
required. The effective horsepower required 
to propel the hull through the water can be 
calculated from model experiments or from 
empirical data derived from model and 
full-scale tests. Theoretically the function 
(A?/*V%)/(effective horsepower) is constant, 
when A equals displacement in tons, and V 
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Fig. 1—Curve of Admiralty coefficient plotted against 

speed (Davis, 1932) 


equals speed in knots through the water. 
The actual shaft horsepower is, of course, 
greater than the effective horsepower by the 
“propulsive efficiency” xy, so that the 
common factor of comparison by engineers 
becomes the Admiralty coefficient, C, which 
is given by C=(A?/*V%)/(shaft horsepower), 
or C=(A*8)V%y,)/(effective horsepower). 

It will be seen from Fig. 1 that like most 
empirical constants, this one is not truly 
constant, Nevertheless, it is a useful starting 
point for actual investigations into the 
economics of ships. Spronck (1951) has 
carried out such an investigation for the 
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case of the general tanker or tramp, with 
specific assumptions, namely: distance of 
run, 3000 miles ; fuel consumption at sea, 
0-4 lb per b.h.p. per hour ; fuel consumption 
in port, 5 tons a day ; fuel margin, 10 per 
cent; number of days in port, 2+(dead- 
weight tons)/1500. Fig. 2 gives some data 
derived from Spronck’s curves over the 
range of interest in the particular case. 

A similar set of calculations could be 
made for a selected liner trade, but as those 
calculations would be extremely lengthy and 
as they would, in any event, be limited by 
the accuracy of the data fed in as assump- 
tions, they do not appear to be justified. 
Some interesting results were, however, 
obtained from calculations of nine selected 
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points. The assumptions in this instance 
were that the cargo-carrying capacity of the 
company’s “A” class ship was to be 
achieved both in respect to deadweight and 
space, that the service speed was to be the 
same, and that the stability of the ship was 
to be no worse. 

The machinery to produce the required 
effective horsepower was assumed to weigh 
500, 1000 or 1500 tons, and, for each weight, 
to occupy 42ft, 54ft or 66ft (making a total 
of nine values in all). The results have been 
plotted in Fig. 3, from which it would seem 


Engine Room 
Length - feet 


42 


8 


Effective Horsepower 





3,500 


500 1,000 


Machinery Weight - tons 


Fig. 3—Results obtained from calculation of nine 
selected points 


1,500 


that this simplified procedure might repay a 
more detailed analysis. 

However, these calculations show that 
there can be a significant difference in the 
effective power required for both weight and 
space variations ; in a specific instance, it 
is necessary to reduce the amount of fuel 
burnt by a lightweight installation by as 
much as 9 per cent of the apparént difference 
between 0-4 Ib and 0-52 Ib pers.h.p. per hour, 
or more than 1 ton a day for a 7000 h.p. 
installation. 


EFFECT OF TYPE OF PROPULSION ON THE 
ADMIRALTY COEFFICIENT 


As indicated above, the Admiralty coeffi- 
cient is used as a guide to the efficiency of a 
hull. Broadly speaking, the higher the 
Admiralty coefficient, the better the efficiency 
of the hull. It is of interest to note that 
whereas twenty-five years ago a coefficient of 
290 was considered adequate for a new ship, 
to-day coefficients as high as 350 are being 
obtained consistently. 

Fig. 4 shows the Admiralty coefficients 


380 





§ 


Admiralty Coefficient 


Dec. june Dec. June Dec, June Dec. june 
1949 ©1950 1950 1951 1951 1952 1952 1953 
A—Single-screw steamship. 


B—Single-screw, single-acting motorship. 
C—Single-screw, double-acting motorship. 


Fig. 4—Admiralty coefficients of three ships plotted on 
basis of date of end of voyage 


of three ships plotted on the basis of the date 
of the end of the voyage. The steamship 
concerned is an 18-5-knot ship of the “ P” 
class, which was described in some detail by 
Dickie (1952) in a paper read before the 
Institution of Naval Architects ; the designed 
Admiralty coefficient was 305. The two 
motorships are of the “A” class of 15-5- 
plus knots service speed ; they have identical 
hulls but one is propelled by a 6800 b.h.p., 
eight-cylinder double-acting two-stroke diesel 
engine running at 116 r.p.m., whilst the other 
is propelled by a 7000 b.h.p., seven-cylinder 
single-acting two-stroke diesel engine at 107 


‘Considering then the fringe cases, power for 
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r.p.m. The designed Admiralty coefficient 
in both instances was 325. 

It will be noted that (1) there is some 
evidence of the effects of monsoon weather ; 
(2) the steamship is less affected by the 
weather conditions than are the motorships ; 
and (3) the ship with single-acting diesel 
engines has apparently a more efficient hull 
than has the ship with double-acting engines. 
This is, of course, nonsense ; part of the 
difference, about 2 per cent, is due to the 
better propulsive efficiency obtained with 
the slower running propeller, but the re- 
mainder must be due to other causes, includ- 
ing errors of power measurement both in the 
ship and in the test bay. 


SOME CONSIDERATIONS IN THE “ MEAN” 
ADMIRALTY COEFFICIENT ON SERVICE 

The variations of the Admiralty coefficient 
with the weather, and the decrease in the 
value of the coefficient with length of time 
in service, due to loss of propulsive efficiency, 
or to roughening of the hull, &c., all combine 
to make the actual coefficient achieved over a 
period of years in service differ from the 
design figure. To determine the effective 
relation between design and practice, data 
have been collected from a number of ships. 
Unfortunately, many of the most valuable 
records were lost owing to war damage. At 
present there are insufficient data available to 
enable the position with modern steamships 
to be established: in the case of the 
American-built “‘ Victory” ships, the design 
figure was 360 and the class mean is 357 
after six years of service. It is, however, 
clear that (1) the “‘ mean” hull efficiency of 
motorships is significantly less than the 
design figure ; over a period of twenty to 
twenty-five years the “mean” will probably be 
as much as 10 per cent less than the design 
figure ; and (2) the “‘ mean” for steamships 
must also be less than the design, but the 
lesser sensitivity of the turbine to overloading 
probably reduces the difference. 


SELECTION OF MACHINERY FOR THE DESIGN 


It will be appreciated that a ship is a com- 
promise, how much of a technical com- 
promise it is may be clearer later, when an 
example is worked out. In the meantime the 
superintendent engineer has to provide the 
naval architect with his requirements for 
weight and space of machinery and fuel con- 
sumption. In many instances, previous 
practice has established the choice of ma- 
chinery both for main and auxiliary purposes, 
but where the power lies in the fringe zone 


between two types of propulsion, the design . 


should be progressed on the basis of both 
types of machinery so that the economic 
balance for the ship can be worked out. 

The established practice of different com- 
panies varies widely, largely owing to the 
differing experiences and to the different 
financial policies. For example, a company 
such as the Blue Funnel Line operates the 
fleet on an uninsured basis and, consequently, 
considerable care is exercised in all phases 
of the design, construction, and operation of 
the fleet; forward thinking and development 
are encouraged when the potential return in 
the form of lower fuel cost, or reduced weight 
and space appear to justify the risk to be 
taken. Directly as a consequence of these 
policies come ships that outlast their contem- 
poraries of more conventional design. 

Fig. 5 shows the relation between fuel cost, 
capital cost depreciated at 5 per cent per 
annum, and the stores and maintenance costs. 
It will be readily apparent that the most 
important contribution to the daily operating 
cost will be that of fuel, with second order 
variables for capital and maintenance costs. 
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main propulsion can be derived 
sources in Table I. Gas turbines mug be 
ruled out at present because hey mug 
have a distillate fuel for long-life operation 

The average cost of marine diesel fy i 
about half as much again as boiler fuel 
that is, a fuel rate of 0-4 Ib per b.hp, per 
hour on marine diesel fuel costs as Much 
per day as 0-6 Ib per b.h.p. per hour on 
bunker C. It follows therefore th it a diese 
installation utilising marine diese’ fue] can 
only compete with steam turbines when the 
aggregate weight of the machinevy, Water, 
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Fig. 5—Nomogram for evaluation of daily costs 


and fuel for the selected voyage and the 
space occupied by the machinery are equal 
to or less than those for the steam plant, 
The power at which this occurs is rather less 
than 7000 s.h.p. with direct-drive machinery, 
and with geared drive, using diesel engines 
rotating at less than about 750 r.p.m. Above 
this power the diesel engine must bum 
boiler fuel and in doing so has once more 
achieved a gain in economy over the steam- 
ship. 

For cargo-liner propulsion, diesel-electric 
and turbo-electric drives cannot compete 


TasLe I—Sources of Power for Main Propulsion 
a Diesel engines 





Fuel rate, Ib per 





Type 
b.h.p. per hour 
1) Direct drive, on boiler oil... ... ... 0-395 





0-385 
0-43-0-45 
ooet ess 0-42-0- 


1 
Diesel-electric, on diesel oil or gas oil) 0-5 (approximately) 





5 Steam turbines 





Type Fuel rate, |b per 





s.h.p. per hour 
(6) Turbo-clectric, on boiler oil ... ... 0-55-0-65 
(7) Geared turbine, on boiler oil... ... 0-5-0°6 (depending 


on cycle and steam 














c Gas turbines 








Estimated fuel rate, 


Type 
Ib per s.h.p. per hour 





0-5-0-7 





(8) On distillate fuel... ... ... ... «41 





with the mechanical-coupling system simply 
because the capital cost must be greater, the 
fuel consumption as great or greater, and 
the weight and space certainly no less and 
usually greater. The high-speed geared 
diesel has not hitherto found favour in the 
power ranges required for liner propulsion 
because the engines at present developed 
and established have insufficient reliability : 
this necessitates excessive maintenance which 
in turn throws an undue burden on operating 
personnel. The advent of the “ Deltic” 
engine, which is small enough to envisage a 
technique of the replacement of whole units, 
with the minimum of shipboard maintenance, 
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well justify the position being reviewed 
turc. The present remaining pro- 
are therefore the direct-drive diesel 
d the steam turbine. 
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MACHINERY FOR PorT USE 


The function of a cargo liner is to carry 
cargo and this entails carrying the essential 
equipment with which to handle it. Although 
attempts have been made to introduce 
cranes, the derrick and winch have not yet 
heen seriously Challenged. There are two 
well-established types of drive for the 
winch, namely, steam and d.c. electricity. 
The capital cost of the steam winch is con- 
siderably less than that of the electric winch ; 
there is no significant difference in main- 
fenance costs but the operating cost is 
greater. The fuel consumption in port is 
between 7 tons and 12 tons a day for steam 
winches compared with 14-2 tons a day 
for electric winches. A difference of 5 tons 
a day for half the year is equivalent to an 
extra fuel cost of £100,000 over the life of the 
ship and it is clearly impossible to justify 
such an amount in any but the most unusual 
cases. 

This fact implies that diesel generators 
should be fitted for port use, which in turn 
may influence the generation of electricity 
in steamships for the sea load. Some 
companies prefer to fit an extra auxiliary 
diesel generator and to rely wholly upon 
bled steam to obtain the amount of feed 
heat necessary to obtain a good cycle 
efficiency. The author does not subscribe 
to this view for two reasons : first, that the 
provision of a steady minimum steam load 
is desirable for operation of the boiler plant 
under manceuvring conditions and, secondly, 
that the feed heat is lost when manceuvring 
and at reduced power and it is under these 
conditions that there is the greatest risk of 
inadequate deaeration of the feed. Corrosion 
is, therefore, the more likely to occur in 
the economiser both internally and externally. 
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Performance Tests of Second 
BICERA Compressor 


In a previous issue (THE ENGINEER, January 30, 1953, page 170) we described a 
positive variable displacement compressor developed by the British Internal 
Combustion Engine Research Association, and compared it with the Roots 


blower. 


The following article contains details of a second and larger machine 


which was run as a compressor and also as an exhauster. 


A’ a first step in t®e development of its high- 
speed rotary compressor,* the British Internal 
Combustion Engine Research Association pro- 
duced a small experimental model which, when 
tested over the range of 5 lb to 20 Ib per square 
inch, had an efficiency at least as good as those of 





pression-ignition engines on vehicles, it was 
important to save weight. By using aluminium 
alloy, wherever possible, an overall weight of 
189 Ib was achieved. 

The two rotor drums, shown in Fig. 2, are each 
8in in diameter and carry lobes which are 1tin 
high and 6in long. A 
rotatable valve sleeve on 
the inlet valve permits 
the air intake of the 
compressor to be varied. 

Unlike the rotors of 
the first model, those of 
the new version are sup- 
ported by bearings at 
both ends. Since in this 
way smaller bearings can 
be used and the ratio of 
length to diameter can 
be increased, the design 
becomes more compact. 
In the test machine the 
main bearings at the 
gear end are oil lubri- 
cated and sealed by a 
piston ring device. The 
outer bearings are grease 
lubricated. Weight and 
inertia are reduced by 
making the lobe blocks 
of aluminium alloy. 
They are held between 
a steel disc at the gear 
end and a ring at the 
outer end. 


Fig. 1—Positive displacement compressor, showing outlet elbow on the left. 
The compression can be raised by the rotating handwheel, seen under the 
inlet elbow on the right, which controls the inlet cut-off 


When passing the 
centre line between the 
rotors each lobe forms 


other types of compressors of similar size. On 
the strength of these encouraging first results it 
was decided to build a larger machine which 
would allow the range of the tests to be extended 
and would be of sufficient size to be of com- 
mercial interest as a prototype. 

The second machine, which is illustrated in 
Fig. 1, has a swept volume of 0-242 cubic feet 
per revolution, and an overall size including the 
elbow ducts of 15gin by 20}in by 123in. In view 
of its suitability as a pressure charger for com- 





* British Patents Nos. 665,484, 696,294 and British Patent 
Application No. 11534/53. 


a seal onthe valve of the 
other rotor. The accuracy required in the phasing 
of the rotors is determined by the maintenance 
of a working clearance between the concave face 
of the delivery lobe and the tip of the inlet lobe 
at the end of the delivery process. As this 
occupies only 6 per cent of the cycle, a relatively 
large clearance may be left at this point without 
seriously affecting the efficiency. Consequently, 
the machine will work satisfactorily with a far 
lower phase accuracy than is required in the case 
of Roots blowers and screw compressors. 

Compared with the first machine, the port 
edges are turned at a greater angle from the 
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A—Shaft 
F—Tubular valve inlet 








B—Casing (light alloy) 


C—Rotor hub 
G—Tubular valve outlet 


Fig. 2—Sectional views of the BICERA No. 2 compressor 
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D—Rotor lob (inlet) 
H—Variable cut-off valve, rotated by handwheel J 
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E—Rotor lob (outlet) 
K—Gears 
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Fig. 3—Relationship between overall adiabatic efficiency, rotor speed, power 
input, pressure ratio and air flow 


radial direction. This improves the air flow and 
has an appreciable effect upon the efficiency. 

Test Results—As in the case of the first 
machine, general performance characteristics 
were Obtained for a range of delivery pressures 
up to 20lb per square inch gauge. One such 
diagram is shown in Fig. 3, which give the lines 
of constant adiabatic efficiency for an internal 
volumetric compression ratio of 1-2. The internal 
compression ratio depends on the arc subtended 
by the delivery valve port, which in the case of 
Fig. 3 was 90 deg. Other ratios investigated 
were 1-05 (120 deg.) and 1-4 (70 deg.). The 
adiabatic efficiencies were computed from the 
actual power input to the compressor, it having 
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Fig. 5—Relationship between overall adiabatic effi- 
ciency and delivery pressure ratio for three values of 
internal compression ratio 


been found that efficiencies based on the tempera- 
ture rise were not sufficiently accurate for positive 
displacement machines, but tended to be over- 
estimates. At high speeds the error was about 
10 to 15 per cent and fairly consistent, but at 
low speeds the temperature efficiency sometimes 
exceeded 100 per cent. 

The pressure range for which the internal com- 
pression can be left fixed can be found from 
curves such as Fig. 5, which show how the overall 
adiabatic efficiency changes with delivery pressure 
for a fixed working speed. A ratio of 1-05 would 
cover a pressure range of 0 Ib to 8 Ib per square 
inch gauge, 1-2 a range of 61b to I51b, and 
1-4 a range of 151lb to 201b per square inch 
gauge. The broken line shows the maximum 
efficiency which would be obtained by using a 
continuously variable delivery valve similar to 
the inlet valve. 

Control of the air flow at constant speed of the 
machine is obtained by varying the angular 
position of the inlet valve and thus changing the 
inlet period. The action is not that of a throttle 
valve, since the air is adiabatically expanded to 
the compressor inlet volume, and then re- 


700 800 . 100 


Jan. 28, 1955 


Internal Volumetric 
Compression Ratio 1:2 


Lines of Constant 
Adiabatic 
Efficiency 


Lines of 
Temperature Rise 
sata 


25 hp. 


200 300 400 
Air Flow - cub. ft./min. 


Fig. 4—Relationship between overall adiabatic efficiency, temperature rise, 


rotor speed, power input, air flow and pressure ratio as an exhauster 


compressed over the internal compression ratio 
before being discharged. 

When pressure charging a four-stroke engine 
the volume per revolution is constant, but the 
amount of air required varies with the load. By 
means of the variable inlet valve the charge 
pressure at constant speed. can be adjusted to 
load conditions, with a substantial saving in the 
power used for driving the compressor. This is 
illustrated in Fig. 6. 

In addition to running the machine as a com- 
pressor, one test was done with it running as an 
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Fig. 6—Performance using variable inlet valve for the 
constant delivery condition of 0-123 cubic ft/rev., at 
a speed of 3000 r.p.m. 


exhauster. Results are shown in Fig. 4, with a 
high efficiency over the range of 10-20in of 
mercury vacuum. It is considered, however, that 
for prolonged running at pressures below atmo- 
spheric improved grease and oil seals would be 
required. 

This article is based on material supplied by 
D. W. Tryhorn, B.Sc. (Hons.), of the British 
Internal Combustion Engine Research Associa- 
tion. 





CarGo HANDLING.—The International Cargo Hand- 
ling Co-ordination Association, in its report for 1954, 
records a continued expansion of its activities and 
briefly notes the meetings held during the year. These 
included : a symposium, held in Rotterdam, on “ Train- 
ing in Cargo Handling”; a Paris meeting where the 
** Handling of Perishable Cargoes’’ was the theme; a 
General Technical Convention in Naples which included 
a symposium on the “Ideal Port’; a meeting in 
London at which the “ Incidence of Accidents in Dock 
Working ’’ and the “ Multiplicity of Cargo Markings ”’ 
were discussed, and a meeting in Washington, where a 
** Trailerships ’’ symposium was held. 


Pallet Fork Truck 


A HAND-OPERATED pallet truck for transporting 
loads of up to 4500 Ib which is now being made 
by Lansing Bagnall, Ltd., Basingstoke, Hants, js 
illustrated below. The truck can be supplied 
with standard fork lengths from 36in to 72in 
and with fork widths of 22in or 27in. 

The truck has a rigid welded steel frame with 
a three-point suspension through a two-wheeled 
castor and wheels on each fork. The hydraulic 
jacking mechanism used for raising the forks is 
mounted vertically above the trunnion-mounted 
front wheels, and this jacking system is connected 
through levers to the fork wheel brackets, By 


Hand-operated pallet fork truck with hydraulic 
jacking system 


the lever arrangement the forks are raised at the 
same time as the front of the truck to maintain 
the level of the load as the jack is operated. A 
full vertical lift of 6in is available. 

The hydraulic pump of the jack is operated 
by a long handle, which can be locked in its 
vertical position when required to enable push 
and pull manceuvring in confined spaces. A foot- 
operated three-way valve with a central neutral 
position controls the raising and lowering motions 
of the jacking system. 





Baum WasuHpox AGiTatTor.—Particulars of an agitator 
designed to prevent “ balling ’’ of fine coal in Baum 
washboxes have been issued by the National Coal Board, 
This agitator was invented by Mr. W. Farr, foreman of 
the Margaret Central Washery, Durham. It consists of 
a long, hollow pipe or shaft, 3in in diameter, which 
extends almost the full length of the washbox. On this 
shaft are fitted four rows of pins, each Sin long and 
jin in diameter and flattened at the ends, the rows of 
pins being spaced at intervals of 90 deg. round the 
shaft. As the shaft rotates—at 50 r.p.m.—the rows of 
pins cut into the raw coal as it is fed into the washbox 
and thoroughly mix it with the water. This mixing 
ensures that the coal is thoroughly wetted and prevents 
balling of the fine coal, which can cause considerable 
trouble by passing across the box to the outlet without 
being te pa washed. It is stated that the introduction 
of this device at the Margaret washery has brought 
about a considerable increase in efficiency. 
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Among the smaller tankers completed 
during the year was the ‘“ Athelmere,” 


Shipbuilding and Marine Engineering illustrated herewith, which has a length 


overall of 459ft, a breadth moulded of 61ft, 





in 19 54 and a depth moulded of 31ft. It was built 
, for the Athel Line, Ltd., by Hawthorn 
No. 1V—{ Concluded from page 99, January 21st) Leslie (Shipbuilders), Ltd. The ship, de- 





signed for the carriage of molasses, oil or 
spirits, has a deadweight capacity of about 
10,000 tons and the cargo is carried in twenty 


Company, Ltd., and powered by a five- pump room to handle detergent spirit. The ™ain tanks, eight of which are ver 
glindet N.E.M.-Doxford oil engine of ship is fitted with a 4500 b.h.p. Rowan- with a system of cathodic protection, an 
500 b.h.p. at 115 r.p.m. The ship has a Doxford two-stroke oil engine having four twelve summer tanks. Special oe nthog 
deadweight of 16,260 tons and cargo oil cylinders of 670mm bore by 2320mm made in some tanks for dealing on 
is carried in twenty-seven tanks and handled combined stroke. A loaded trial speed @™mmomia in bulk. Two 100kW diesel- 


by three 500 tons per hour pumps fitted in of 14-3 knots was attained by the ship. — ent aa A ye rs aba ra 


trical power and the ship is driven by a 
four-cylinder Hawthorn-Doxford oil engine 
deveioping 4450 b.h.p. at 112 r.p.m. Another 
small tanker was the “* Norvest,”’ built and 
engined by Smith’s Dock Company, Ltd., 
for Norwegian owners. This ship has a 
length between perpendiculars of 315ft by 
47ft 6in breadth moulded by 21ft 3in depth 
moulded to the harbour deck and carries a 
deadweight of 4071 tons at 114 knots on 
19ft 74in draught. There are six main centre 
tanks and eight wing tanks and a trunk 
covering the length of the cargo tanks and a 
pump room amidships equipped with two 
250 tons per hour steam-driven cargo pumps. 
Propulsion is by a No. 7 Fredrikstad steam 
motor of 1600 i.h.p. supplied with steam at 
220 Ib per square inch by two three-furnace 
multi-tubular, cylindrical boilers. 





E illustrate below the “* Cygnus,” which tons per hour. In addition, there is one 150 
Weras built by the Furness Shipbuilding tons per hour pump in the forward ballast 




























SOME SPECIAL SHIPS 












A bauxite ore and oil carrier, the “‘ Sun- 
brayton,” was handed over, upon the 
successful completion of trials, to Saguenay 
Terminals, Ltd., by the Burntisland Ship- 
building Company, Ltd. This dual purpose 
vessel, which we illustrate, and which was 
described in THE ENGINEER of April 9, 1954, 
was designed to transport bauxite ore from 
Motor tanker ‘* Cygnus ”’ British Guiana to Trinidad and return with 
















the main pump room. Two 60kW steam- 
driven and one 25kW diesel-driven generators 
are installed and two Scotch boilers provide 
steam for the auxiliaries and deck machinery. 
The ship has a length between perpendiculars 
of 496ft by 67ft 6in breadth moulded by 
36ft Sin depth moulded, and a draught of 
29ft 14in. Trinidad Leaseholds, Ltd., took 
delivery of the “* Regent Royal” from the 
Blythswood Shipbuilding Company, Ltd., 
a ship which carries a deadweight of 14,400 
tons on the following dimensions :—Length 
between perpendiculars, 487ft by 65ft 6in 
breadth moulded by 35ft 4in depth moulded. 
There are twenty-four cargo oil compart- 
ments and two main pump rooms, in each 
of which two cargo oil pumps are installed : 
to give an overall pumping capacity of 1500 Ore carrier S.S. ‘* Sunbrayton ”’ 




























fuel oil. The ore is carried in a single 
longitudinal hold served by four hatchways, 
& with the wing spaces arranged to take 3000 
tons of fuel oil. The main particulars are : 
length overall 442ft, breadth 60ft 6in, depth 
moulded 29ft 6in, deadweight 7850 tons, 
draught loaded 20ft fin, and a speed of 
10 knots. A triple expansion steam engine 
having cylinders of 22in, 38in and 63in 
diameter by 42in stroke supplied by Rankin 
and Blackmore, Ltd., forms the main pro- 
pelling machinery and develops 1750 i.h.p. 
Steam at 220 Ib per square inch is generated 
by two Scotch boilers and the electric power 
is provided by two 60kW and one 32kW 
generators. 

The twin screw cable ship ‘“ Recorder,” 
Motor tanker ‘* Athelmere ”” illustrated overleaf, was built and engined 
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Twin-screw cable steamship ‘‘ Recorder ”’ 


by, Swan, Hunter and Wigham Richardson, 
Ltd., for Cable and Wireless, Ltd. The ship has 
a service speed of 12 knots, an operating range 
of 10,000 miles, can carry. 420 milés of deep 
sea cable and will operate from Colombo 
eastwards across the Pacific to Vancouver 
Island. A deadweight of 2500 tons is carried 
on the following dimensions : length overall 
340ft 6in, breadth moulded 45ft, depth 
moulded to upper deck 27ft 3in, draught 
18ft 6in and gross tonnage 3349. - All the 
cable gear and tanks are forward of the 
engine-room in which are installed two sets of 
triple expansion engines having cylinders of 
1S4in by 26in by 44in diameter, and a 
stroke of 33in. Each engine is designed to 
develop 1100 i.h.p. at 108 r.p.m. when sup- 
plied with steam at 220 lb per square inch by 
two single-ended, three-furnace, multi-tube 
Scotch boilers operating under Howdens 
system of forced draught. Electrical power 
for the various services is provided by two 
100kW steam-driven and one 100kW diesel- 
driven generators. 

J. Samuel White and Co., Ltd., built the 
twin screw survey ship “ Pathfinder ” to the 
order of the Crown Agents for the Colonies 
for the Government of Nigeria. This ship 
was designed for survey work along the 
coasts and on the rivers of Nigeria and has a 
length between perpendiculars of 150ft by 
27ft 6in breadth moulded, by 12ft depth 
moulded, a draught loaded of 10ft and a 
deadweight of about 340 tons. In addition 
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two sets of triple expansion re “iprocatin 
engines, each having cylinders of 19; 
174in and 274in diameter by vin stroke 
and developing 350 i.h.p. at 150 p.m, 
One cylindrical return-tube boiler workin, 
under forced draught supplies the Necessary 
steam at 200 Ib per square incl and th 
electrical installation consists of iwo 20kw 
steam-driven generators. 

A stern operating fish factor 
specially designed for this method of trawling 
and for the complete processing of the catch 
was built and engined by John | ewis anj 
Sons, Ltd., for Chr. Salvesen and Co. The 
principal dimensions of the “ Fairiry,”’ seen 
in our photograph, are: length between 
perpendiculars, 245ft; breadth moulded 
44ft ; depth moulded to main deck, 24ft ang 
32ft to bridge deck ; and gross tonnage of 
2605 tons. There are two refrigeraicd holds 
and the factory deck is equipped with pro- 
cessing plant and two batteries of quick 
freezers, and there are other special! purpose 
machines. Power for the deck machinery and 
auxiliaries is developed by four 245kW 
diesel-driven generators, and the ship is pro. 
pelled by a four-cylinder Lewis-Doxford 
oil engine of 1900 b.h.p. at 135 r.p.m. 


Non-propelled diesel-electric dredger ‘‘ Skotten ”’ 


to the crew, accommodation is provided for 
four survey officers and also a drawing office, 
while there is a hold forward for the stowage 
of buoys and other equipment. With 175 
tons of deadweight a trial speed of 114 knots 
was attained, the propelling machinery being 





Fish factory trawler ‘‘ Fairtry ”’ 


Among the colliers completed during the 
year was the S.S. “* David Pollock,” built by 
-Hall Russell and Co., Ltd., to the order of 
the North Thames Gas Board. The ship is 
of single-screw self-trimming design and 
carries a deadweight of 4600 tons on 20ft 
loaded draught and the following dimensions: 
length overall, 339ft ; length between per- 
pendiculars, 320ft ; breadth moulded, A6ft : 
and depth moulded, 22ft 4in/27ft 10in. 
The propelling machinery consists of a direct- 
acting triple-expansion steam engine of 
** North Eastern Reheat ”’ design, developing 
1275 i.h.p. with superheated steam at 220 Ib 
per square inch generated by two oil-fired 
cylindrical boilers. 

A non-propeiled diesel-electric dipper 
dredger was ordered by the Director-General 
of the Harbours of Norway from Lobnitz and 
Co., Ltd., and our photograph shows the 
completed vessel. The “ Skotten,” which has 
a length between perpendiculars of 26:8m 
by 10-37m breadth moulded by 2:07m 
depth moulded, a bucket capacity of 1-5m, 
and a dredging depth of 10-0m, will be used 
to dredge and maintain small ports around 
the western coast of Norway, including some 
within the Arctic Circle. 
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T the first National Boat Show, which 
A coened at Olympia on December 30, 1954, 
and closed on January 8, 1955, the exhibits in- 
cluded small craft ranging from canoes to cabin 
cruisers and ocean going yachts, and a represen- 
tative selection of engines. 

Among the engines on the stand of F. Perkins, 
Ltd., were the mark P6(m) which develops 
43/65 b.h.p. at 1250/2000 r.p.m. and the S.6.(m) 

sine of 75/100 b.h.p. at 1500/2000 r.p.m., 
together with three examples of the new L4(m) 
marine diesel engine. One of these engines 
was shown with a Parsons mechanical reverse 
gear, another with a M.R.F. 11B. oil-operated 
reverse gear, and a third with Slack and Parr 
variable pitch propeller and stern gear as seen 
in Fig. 1. The L.4 engine, hitherto supplied 
for agricultural and industrial applications, 
has been redesigned for marine purposes and 
is a four-cylinder in-line, four-stroke engine 


having a bore and stroke of 44in and 4}in, respec- 
tively, and developing 58 b.h.p. at 2000 r.p.m. 
A one-piece high-duty alloy iron casting forms 
the cylinder block and crankcase and the wet 
liners are of centrifugally cast iron, while three 
bearings in the cylinder block support the cam- 
shaft of alloy cast iron. Similar material is used 
for the cylinder head which is secured by studs 
and carries the overhead valve rocker gear. 
The light alloy pistons have three compression 
and two oil scraper rings and a floating gudgeon 
pin, while the connecting rods, of “ H ” section 
steel stampings, have replaceable steel shell 
big end bearings (the upper halves being lead- 
bronze-lined and the lower white metal-lined) 
and small end bushes of lead bronze. An alloy 
steel stamping forms the statically and dyna- 
mically balanced crankshaft which has hardened 
main and crankpin journals and is supported 
in three pre-finished shell bearings having the 
lower and upper halves lined with lead-bronze 
and white metal, respectively. 

The camshaft and fuel pump are gear driven 
from the crankshaft, the flange mounted fuel 
Pump has a pneumatic governor and spiral 
gears from the camshaft drive the gear pattern 
oil pump. A water-cooled cast iron exhaust 
manifold is fitted and for the circulation of 
cooling water there is a self-priming centrifugal 








Engines at the National Boat Show 


A representative selection of petrol and diesel engines suitable for driving dinghies, 
launches, yachts and other small craft were shown at the National Boat Show. 
Included in the exhibits shown by many builders were engines of proved design, 
some new engines and. some which incorporate improvements to give better 
Several of these engines are described. 
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pump. Starting is by a 12V axial starter, flange- 
mounted on the flywheel housing and the 
engine, which weighs between 1150 Ib and 
1240 lb, depending on the drive, has a maximum 
installation angle of 12 deg. 

On the stand of The Parsons Engineering 
Company, Ltd., were the Porbeagle and Mer- 
ganser marine units. The Porbeagle is a four- 
cylinder diesel, based on the Ford vehicle engine, 
developing 52 s.h.p. at 2250 r.p.m., while the 
Merganser is a twin-cylinder air cooled unit, 
based upon the Armstrong Siddeley diesel 
industrial engine, developing 20 s.h.p. at 1500 
r.p.m. This four-stroke direct-injection, cold 
starting engine has a separate fuel injection 
pump, operated by a rocker lever from the 
camshaft, for each cylinder, the fuel being 
supplied to these pumps by a diaphragm lift 
pump. 

The Turner Manufacturing Company, Ltd., 


Fig. 1—Perkins L4(M) diesel engine with Slack and Parr variable pitch propeller 


showed a new range of two-stroke light-weight, 
supercharged diesel in-line propulsion units 
having a bore of 92mm and a stroke of 105mm. 
The two-cylinder model “‘ Sea Princess,” develops 
24:6 b.h.p. at 2200 r.p.m., has a weight per 
horsepower of 18-7 lb, a total weight of 770 lb 
with ahead/astern gearbox, and a maximum 
torque of 72 Ib/ft at 1650 r.p.m. The compar- 
able data for the three-cylinder engine, “‘ Sea 
Prince,” are 37-3 b.h.p. at 2200 r.p.m., 15-8 Ib 
per h.p., 900 Ib, and a torque of 110 lb/ft at 
1650 r.p.m. The engine is of rigid monobloc 
construction and employs swirl combustion, the 
combustion chamber being cast into the cylinder 
head, and the cylinder liners have two sets of 
inlet and outlet ports machined so as to give 
directional stability to the scavenging. High 
silicon aluminium alloy pistons are employed 
and have a wedge-shaped top pressure ring and 
three other compression rings above the gudgeon 
pin, and a stepped and slotted scraper ring 
below. The connecting rods have pressure 
lubricated bronze bushes at the small end and 
big end bearings of lead-bronze, lead indium 
plated for the top half, and bimetal for the 
lower half. A heavy drop forging forms the 
crankshaft and there are two contra-rotating 
masses which neutralise the primary out-of- 
balance forces and so contribute toengine balance. 
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Fig. 2—*‘ Victor Vixen” horizontally-opposed twin- 
cylinder marine diesel engine 
Injection is by a flange-mounted pump 


driven from one of the balance shaft gears and 
lubrication is provided by a gear pattern pump 
driven from the crankshaft. The Roots blower, 
which has two three-lobe rotors, is driven at 
1-8 times the engine speed by vee belts and 
for cooling there is a closed circuit fresh water 
system complete with heat exchanger. 

W. H. Dorman and Co., Ltd., exhibited a 
four-cylinder and a six-cylinder direct-injection 
marine engine. These engines were first shown 
last year in the marine section of the Motor 
Show and described in the November 26, 1954, 
issue of THE ENGINEER. a 

A number of Albinco engines on the stand of the 
Larsson-Wilson Marine Motor Company, Ltd., 
were the 5 b.h.p. “‘ Seaman,” 10 b.h.p. “* Cadet,” 
15 b.h.p. “ Boatswain,”’ the 20 b.h.p. “‘ Mate,” 
and the 40 b.h.p. “‘ Mate,” illustrated in Fig. 3. 
This latter model is a four-stroke petrol engine 
having four cylinders in-line, the cylinder dia- 
meter and stroke being 78mm and 92mm, 
respectively, and developing 26 b.h.p. at 1600 
r.p.m. and 40 b.h.p. at 2500 r.p.m. The cylinder 
block and crankcase are cast in one piece of 
fine grain alloy cast iron and the light alloy 
pistons have three compression rings, the top 
one chrome plated, and one scraper ring. The 
drop forged connecting rods are drilled for 
lubricating the copper-lead gudgeon pin bush 
and the big end has lead-bronze-lined shell 
bearings. Three babbit-lined bearings carry 
the crankshaft which is drop forged and of 
special steel with ground journals. Vertical 
pattern valves are fitted and the hardened and 
ground camshaft is driven by a helical gear made 
of special fibre. All bearings are pressure lubri- 
cated by a gear pump while the cylinder walls 
are splash lubricated and another gear pump 
circulates the cooling water. A Solex carburettor 
is provided, ignition is by coil and _ the 
engine is equipped with a 6V electric system. 
Petrol consumption is 0-54 Ib/b.h.p./hr. and the 
engine complete with reverse gear weighs 
496 Ib. 

The Coventry Victor exhibit consisted of repre- 
sentative units of the range of engines manu- 
factured by the company, including the new 
“Victor Vixen,” and the “S.S.8” outboard 
unit. The “Victor Vixen,” illustrated in 
Fig. 2, is a horizontally-opposed, twin-cylinder, 
four cycle, cold starting compression ignition 
unit which is built in two sizes, namely, mark 
H.D.W.1 and H.D.W.2, and both engines have 
a stroke of 101-6mm, while the cylinder dia- 
meters are 90mm and 95mm, respectively. Fuel 
consumption is approximately 0-39 pints/b.h.p./ 
hour, the average torque for the respective 
engines is 57-0 lb/ft and 64-5 Ib/ft, and the 
power output is :— 


1500 r.p.m. 2000 r.p.m. 


1250 r.p.m. 





Model 
HWD. 1 13-5 16°3 19°6 
HWD 2. 15-3 18-5 24:6 
EEE ae Sea BY ene Renn eee eerie ee Serene 


The crankcase is a single-piece casting in 
aluminium alloy and the easily detachable 
cylinders are of high tensile cast iron with 
highly-finished bores. Close grained cylinder 
iron is employed for the cylinder heads which 
have non-corrosive special alloy covers and 
renewable valve guides. The valve gear is totally 






































































Fig. 3—Albinco “ Mate ’’ 40 b.h.p. four-stroke petrol engine 


enclosed and dirt-proof and consists of valves of 


special alloy steel, En52, operated by rockers 
and push rods having large diameter tappets 
actuated by a solid steel camshaft, hardened 
and ground all over, and gear-driven from the 
crankshaft. The pistons, of aluminium alloy, 
have four compression rings and one scraper 
ring and hardened, ground and lapped, large 
diameter, high tensile steel, gudgeon pins. The 
connecting rods are high tensile steel forgings 
with shell bearings, consisting of a copper-lead 
upper half and a white metal lower half, at the 
big end and bronze bushes, splash lubricated, 
at the small end. The forged, high-tensile-steel, 
heat-treated crankshaft has integral counter- 
weights, is drilled for full pressure lubrication, 
and carried in pressure lubricated white metal- 
lined bronze bearings. 

Individual C.A.V. pumps supply the fuel 
through pintle pattern nozzles and a gear pump, 
driven from the crankshaft, draws lubricating 
oil through a suction filter and delivers under 
pressure to all bearings through a full-flow 
filter. There is a gear pattern water circulating 
pump and variable speed governor control, an 
electric starter and dynamo and provision is 
made for starting from cold by means of a geared 
starting handle, decompressor and patent cold 
starting injectors. 

The S.S.8 outboard unit has a four-stroke, 
horizontally-opposed, twin-cylinder power head 
having a bore and stroke of 60mm by 60mm 
and developing 8 nominal horsepower. The 
engine is pressure lubricated by a gear pattern 
pump; a similar pump circulates the cooling 
water and there is a petrol tank of 14 gallons 
capacity, while the three-bladed propeller has a 
diameter of 10in and a pitch of 9in. 

One, two, three and four-cylinder vertical, 
water cooled, four-stroke, direct-injection diesel 
engines were displayed on the stand of the 
Bolinders Company, Ltd. These engines have a 
bore of 44in, a stroke of 5}in and develop 
11 b.h.p. per cylinder at 1500 r.p.m., the b.m.e.p. 
being 85 lb per square inch. The cylinder 
block and crankcase are integrally cast in special 
cast iron and the cylinder head is a molybdenum 
alloy casting with the injection nozzles carried 
in water cooled copper bushings. Each alumi- 
nium alloy piston has three compression rings 
and two oil scraper rings, one of which is below 
the floating gudgeon pin. The drop forged 
connecting rod, which is drilled for lubrication 
purposes, has a bronze bush small end and a 
steel-backed lead-bronze big end bearing. The 
crankshaft is of chrome manganese steel with 
induction hardened journals and is carried in 
steel-backed, lead-bronze main bearings. The 
governor is of centrifugal pattern, the engine is 
pressure lubricated by a gear pump and the 
system includes.an oil cooler, while a belt-driven 
pump circulates the fresh water in the closed 
circuit cooling system. Hand starting is fit- 
ted and a two-stage decompression gear is 
mounted in the cylinder head cover. All the 
engines are fitted with a reverse and reduction 


On the same stand was a range of “ Penta” 
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engines, including the mark F.12 petrol/paraffin 
engine of 54 h.p. at 1350 r.p.m., and having a 
92mm bore by 90mm stroke; the BB.41 
model of 16 h.p. to 35 h.p., having four cylinders 
of 75mm bore by 80mm stroke ;_ the light and 
fast mark BB.50 unit which has twin carburettors 
and develops 50 b.h.p. at 3500 r.p.m., and the 
MD.96 six-cylinder direct-injection, four - 
stroke diesel engine which has a bore and stroke 
of 120-65mm by 140mm and develops 135 h.p. 
at 2200 r.p.m. The latter engine has a crankcase 
and cylinder block of cast iron, a cylinder head 
of special alloy and interchangeable wet cylinder 
liners. Three compression and two oil scraper 
rings are fitted to the aluminium alloy pistons 
and the-drop forged and heat-treated connecting 
rods are drilled for lubricating the gudgeon 
pins. The crankshaft, which is a drop forging, 
is carried in seven bearings of lead-bronze, 
steel-backed, while the inlet valves are of nickel 
steel and the exhaust valves are of chrome- 
nickel steel and have stellite covered seats. 
A centrifugal pump circulates fresh water in 
the closed circuit cooling system and a bronze 
sea-water pump supplies sea water to the reverse 
gear oil cooler. The engine develops a torque 
of 426 Ib/ft at 1100 r.p.m. and is fitted with a 





Fig. 5—Foden F.D.12 two-stroke engine of 210 b.h.p. 


at 1800 r.p.m. 
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Fig. 4—Supercharged six-cylinder Nelson diesel engine of 214 s.h.p. at 1500r,p.m, 


hydraulically operated reverse gear and a 2:| 
reduction gear. 

Fodens, Ltd., displayed three engines, a 
four-cylinder diesel engine of 70 bhp. at 
1800 r.p.m., a six-cylinder unit with an output 
of 105 b.h.p. at 1800 r.p.m., and the mark 
F.D.12 engine which has two banks of six 
cylinders, and is rated at 210 b.h.p. at 1800r.p.m, 
It can be seen in our illustration (Fig. 5). The bore 
and stroke is 85mm and 120mm, respectively, 
the compression ratio 14:1, and the engine, 
which is a supercharged uniflow-scavenged, two 
stroke, has two Roots blowers with two lobed 
rotors. A single aluminium alloy casting forms 
the crankcase and cylinder block and there are 
four cylinder heads, each covering three cylinders, 
cast in special high-duty iron. Long cast-iron 
pistons are employed and the “H” section 
connecting rods are of high tensile forged steel, 
while each nickel steel crankshaft is carried in 
seven steel-backed white metal bearings. Hard- 
ened steel camshafts carried in eight bearings 
located high in the cylinder block operate twin 
exhaust austenitic steel poppet valves through 
short push rods and overhead rockers. There 
are two fuel pumps and diaphragm lift pumps 
and injectors having single large-hole nozzles 
and the engine is pressure lubricated by a gear 
pump. The closed circuit fresh water cooling 
system uses a centrifugal pump and there is a 
Serck combined lubricating oil and _ fresh 
water heat exchanger and a Megator triple 
shoe self-priming sea-water pump. The engine 
is equipped with reverse gears manufactured 
by the Self Changing Gear Company, Ltd., and 
has an overall weight of 3300 Ib. 

A selected range of diesel and petrol engines 
was exhibited on the stand of Henry Meadows, 
Ltd., and of particular interest was the super- 
charged Nelson marine diesel engine. In 
Fig. 4 we show the engine which is a square 
engine having six cylinders of 5-:9in bore 
and stroke, a compression ratio of 14°5:1. 
It develops 214 s.h.p. at 1500 r.p.m. for a 
weight of 4000 Ib, compared with 145 s.h.p. 
at 1500 r.p.m. and a weight of 3700 Ib for the 
normally aspirated model. The cylinder block 
consists of two cast iron units and the crankcase 
is a single casting of high-grade iron, which is 
also used for the cylinder heads. Wet liners 
of centrifugally cast high-duty iron alloy are 
fitted and the forged aluminium alloy pistons 
have three compression and two scraper rings, 
one of which is below the gudgeon pin, while the 
top compression ring is chromium plated. 
Connection rods are “ H” section steel stamp- 
ings and the crankshaft runs in seven main 
bearings which are of thin shell steel-backed 
design, copper-lead-lined and indium treated. 
There are two inlet and two exhaust valves per 
cylinder and fuel is solidly injected into the 
cylinders through long stem multi-hole nozzles. 
A gear pattern pump serves the forced feed 
lubrication system and a centrifugal pump 
circulates the fresh water in the closed cooling 
system. Twin 24V, axial starters are fitted, as 
well as a 24V dynamo and a Brown Boveri 

turbo-charger directly coupled to the engine. 

























Mechanised Coal Depot 


Tue ENGINEER Of November 6, 1953, the 
coal-handling equipment at a large depot was 
ibed and since then Charrold, Ltd., has 
oped this equipment so that the company 
can offer complete mechanisation schemes for 
4 coal depots handling 12,000 _tons and 
upwards per annum. A depot of this capacity 
has been equipped with such an installation, and 
we paid a visit recently to inspect it in use at the 
of Coote and Warren, Ltd., at Chelmsford. 
Our illustrations show the arrangements of 
, which consist of four small hoppers, 
each of 14 tons capacity, and three large hoppers, 
each holding about 8 tons. The base of each 
large hopper is only a few feet above ground 
evel and is fitted with a flap plate and an 
adjustable horizontal plate to give control of flow, 
while one hopper has, in addition, a second 
bottom plate, which is given a_ reciproca- 
ting motion by a small motor. A Charrold 
screening loader is fitted to each hopper and 
raises the coal from the bottom of the hopper to 
the discharge point on the loading platform. 
Control of the loader, which is powered by a 
2 hp. geared electrical motor, is by push button 
and the coal is moved upwards and over the 
screen by angle bar slats attached to a moving 
chain. The screening loader and filling platform 
are shown in our second illustration. The sacks are 
weighed on static weighing machines and loaded 
direct to a lorry. From setting up the sack to 
be filled to stacking on the lorry the average time 
taken WaS approximately twenty seconds. The 
small hoppers are intended for handling special 
cokes and coals, for which there is less demand, 
and are fitted with a hand control, specially 
designed for accuracy and ease of operation for 
the filling of sacks by gravity. 

For filling the hoppers there is a Jumbo Major 
powered by a Perkins P4 engine and fitted with a 
hydraulically-operated grab of 13 cubic yards 
capacity and capable of lifting 15 cwt of graded 
coal at a time. No hopper, particularly of the 
smaller size, is tied to a particular quality of fuel, 
and the amount of fuel put into each hopper is 
that estimated to be able to be bagged up imme- 
diately. The rate of filling the hoppers is less 
than that at which the lorries can empty them, but 
this is made good during the period while the 
lorries are engaged on delivery. Several wagons 
will be worked simultaneously, since no hopper is 
large enough to take the contents of one wagon ; 
however, it is planned to end the day with the 
wagons cleared, the hoppers filled, and the 
lorries half filled. Any surplus fuel in the wagons 
can be unloaded to stock. The stacking ground 
is surfaced with concrete, supplied with hollow 
concrete block walls and normally carries a stock 
sufficient to meet demands for a period of six 
weeks. It is claimed that the mechanical hand- 
ling scheme is economic of labour, avoids the 
shovelling of coal from wagons and the delays 
caused by the weather and also helps towards the 
better use of railway wagons. 
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‘* Flying Bedstead ’’ rig with horizontally-opposed turbo-jet engine exhausting vertically downwards 
under the centre of gravity of the rig 


** Flying Bedstead *’ Film 


WE attended, recently, the preview of a 
film taken during the first free flight tests of the 
Rolls-Royce vertical take-off rig. The illustra- 
tion reproduced herewith from the film affords 
a closer view of the unit than has previously 
been authorised. A brief reference to this 
development was made in THE ENGINEER on 
the occasion of its first flight. With the develop- 
ment of large gas turbines the thrust from a 
single unit can be of the order of the weight of a 
fighter aircraft and with a marginal allowance 
for acceleration it becomes feasible to launch 
such a machine vertically from its tail and thus 
eliminate the need for a runway. Using a turbo- 
propeller engine of just over 7100 e.s.h.p., two 
such machines have been demonstrated in the 
United States. They are experimental combat 
aircraft of about 11,000 lb all-up weight with 
top forward speeds in the region of 500 m.p.h. 
To assist their stability during the slow vertical 
stage of ascent, both have vertical and dorsal 
fins of large area. They are in most other 
respects conventional aircraft. Experiments 
are also believed to be in hand on similar lines 
using pure jet aircraft, but it is apparent that 
without propeller slip stream some other system 
of securing the necessary control moments during 
the initial ascent will be necessary. 

There are obvious advantages to techniques 
which would enable such aircraft to take off 


Mechanised retail coal depot at Chelmsford. Left, general view of bunkers and loading arrangements. Right, 
. loading 


platform 


vertically, whilst retaining the conventional 
horizontal altitude of engines and airframe. 
It is this approach, represented by the Rolls-Royce 
project, that is being pursued in this country. 

The “ Flying Bedstead” rig, weighing some 
34 tons, is powered by two Rolls-Royce “‘ Nene ”’ 
engines set horizontally in opposition, one on 
either end of a light framework. The design 
was governed by the need to use engines already 
available and by the need to have sufficient 
reserve thrust to carry a pilot and adequate fuel 
for a reasonable running time. The jets from these 
engines are ducted through 90 deg. so that both 
engines discharge vertically downwards under 
the centre of gravity. This is a favourable 
arrangement for balancing the device and 
eliminating gyroscopic effects. The pilot sits 
on a platform above the two engines. The 
control moments which he needs to balance the 
machine are supplied by compressed air jets 
which are discharged through nozzles at the ends 
of cross arms which can be seen clearly in the 
illustration. The air for these nozzles is bled 
from both engines and the pilot, using a con- 
ventional control column, and rudder bar, 
regulates the flow through the nozzles. In this 
way he provides the pitching, rolling and yawing 
moments which he requires. The control 
system was developed by the Royal Aircraft 
Establishment at Farnborough. The machine 
is now being flown free at heights up to 25ft by 
Rolls-Royce test pilots. 





power-driven conveyors to deliver coal to 

















































A nerican Section 


THE ENGINEER 


The Oppenheimer Case 


BY OUR AMERICAN EDITOR 


HE case of Dr. Robert J. Oppenheimer 
has led to intense controversy not only 
on the specific issue of whether or 
not hydrogen bombs should be manufac- 
tured, but, more generally, concerning the 
manner in which the Western democracies 
should deal with their scientists and engineers 
engaged upon secret work in the fields of 
national defence. The tribunal which re- 
cently sat in Washington and decided that 
Dr. Oppenheimer was not a disloyal person 
but, nevertheless, was a security risk, had to 
judge his case against the history of atomic 
energy, because his stand against rushing work 
on a hydrogen bomb was in part technical. 
Composed as it was of well-informed men, the 
tribunal already knew that energy could be 
released from matter in enormous amounts. 
Indeed, the fact has been known since 1905, 
when Einstein advanced the proposition 
that matter could be converted into energy. 
In 1927, the British physicist, F. A. Aston, 
showed that the lightest and the heaviest 
elements contained the greatest potentially 
available energies. This was the principal 
reason why uranium, the heaviest of the 
elements, and hydrogen, the lightest, have 
been exploited by the bomb-makers. Phy- 
sicists found it an interesting exercise to 
develop methods of fusing hydrogen atoms 
to form helium and so release energy in a 
terrific explosion. The protons in hydrogen 
are positively charged. Two particles of 
like electric charge repel each other. Tre- 
mendous energy is required to drive the 
protons together. The only way to obtain 
it is to generate heat of the order of 20,000,000 
deg. The impossibility of reaching any- 
thing like that temperature in an earthly 
laboratory was obvious, and the hydrogen 
bomb thus remained a dream for many years. 
However, the impossible became possible 
when physicists began to work on the 
atomic bomb, because the splitting of uranium 
235 in such a bomb could generate all the 
heat required. By 1942, physicists were 
thinking of fusing hydrogen nuclei by dis- 
integrating uranium. But there was a 
technical difficulty. Uranium would explode 
in about a millionth of a second. In that 
flash, hydrogen nuclei would have to be 
fused into helium. Would the bomb hold 
together long enough for the heat to do its 
work ? Parts of the bomb would be scat- 
tered immediately, and the heat quickly 
dispersed. Was there a way of holding them 
together long enough ? Oppenheimer was 
one of the first to clarify the question. In 
1942 he called a meeting at the University of 
California at which “the physical problems 
of atoms, atomic nuclei and the possibility. 
of using fission explosions to initiate thermo- 
nuclear reactions ” was discussed. He called 
the attention of Dr. Vannevar Bush to the 
optimistic conclusion that had been reached. 
There was just about as much delay in 
developing the A-bomb as there later was 
in developing the H-bomb—a matter of 
about five years. The United States started 
rather timidly on the A-bomb, with an 
appropriation of a few thousand dollars, 
and then only because of the urging of 
Einstein, Bohr and other eminent physicists. 
When America spent over 2000 million 
dollars on production facilities at Oak Ridge, 
Hanford and Los Alamos, it constituted an 
enormous gamble. No — physicist could 








guarantee that the experimental A-bomb 
tested in 1945 would explode. So it was 
with the H-bomb. Not until a thermo- 
nuclear reaction had actually occurred could 
doubts be settled. With the destruction of 
Hiroshima and Nagasaki and the cessation 
of hostilities, research on atomic: bombs 
virtually ceased. The scores of physicists 
who had been recruited and who had no 
liking for military work packed up and 
returned to their universities. All was quiet 
on the atomic-bomb front. 

It has been said that Hans Thirring, an 
Austrian, had as much to do as any scientist 
in reviving interest in the H-bomb. In 
1946 he published a popular book, “‘ Die 
Geschichte der Atombombe,” on the history 
of the atomic bomb. In it he explained how 
an A-bomb could be encased in heavy water 
or some other form of deuterium, the whole 
assembly being surrounded with a tamper to 
prevent premature explosion. Thirring’s 
suggestion would never have worked, the 
scientists decided. But a combination of 
tritium (triple weight hydrogen) and deute- 
rium (double weight hydrogen) would. The 
converting of this theory into practice was a 
staggering task. The guiding spirits of 
atomic-bomb research, including Dr. Oppen- 
heimer, had to consider these difficult ques- 
tions : how much scientific ability would the 
development of the H-bomb divert from the 
construction of atomic submarines and other 
vessels then being contemplated ? Would 
fundamental research in physics suffer even 
more than it had suffered during the war, 
when the Allies were scraping the bottom 
of the barrel for discoveries that had been 
made in the past but never put to practical 
use ? Was there enough uranium in the 
world to meet new demands ? For example, 
tritium had to be made in a reactor with the 
aid of neutrons. But neutrons were also 
necessary to make plutonium. Some plu- 
tonium, therefore, had to be sacrificed to 
make tritium. Was the sacrifice worth 
making ? Would fewer bombs be required 
to destroy a given area than A-bombs ? 
Was it cheaper to “ deliver ’’ H-bombs than 
A-bombs of equivalent destructiveness ? 
The U.S. Atomic Energy Commission was 
unable to answer these questions and, hence, 
to decide whether or not the H-bomb should 
be developed. David Lilienthal, the then 
chairman of the commission, opposed imme- 

diate action ; Rear Admiral Lewis L. Strauss 
was all for it. Other members of the com- 
mission had not made up their minds. The 
questions were therefore placed before the 
General Advisory Committee of scientists, 
of which Dr. Oppenheimer was chairman. 
Oppenheimer was against the hydrogen 
bomb. So were Drs. James B. Conant, 
Lee. A. Dubridge and others. In the end, 
the committee decided against the “‘ crash” 
development of the H-bomb. How some of 
the members of the committee reasoned has 
been revealed in articles which they con- 
tributed to the Bulletin of the Atomic Scien- 
tists and other periodicals. Dr. Robert 
Bacher could see no military advantage in 
the H-bomb. When he resigned from the 
A.E.C. he stated that “ quantities of hydrogen 
will not contribute very much to the security 
of the United States.” Dr. Hans Bethe 
thought the possession of the H-bomb would 
stimulate Soviet research to duplicate any 


' Such professional men have little use for 
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American success but believed tiat work 
the H-bomb should begin. Dr, . 
heimer’s scruples and doubts were 
moral. Many scientists shared them 
still share them to-day. Rear Admin 
Strauss was not satisfied with the commit 
tee’s conclusions. He was all for an imm, 
diate development of the H-bomb. He ha; 
two powerful scientific allies in Enric, 
Fermi and Edward Teller. Strauss and 
Lilienthal laid the arguments for and agains 
proceeding with the H-bomb befoe Presiden 
Truman. The explosion of a test A-bomb 
Soviet Russia and the treachery of Klay 
Fuchs resolved all doubts. On January 3) 
1950, President Truman issued the order to 
proceed with the H-bomb. 

Dr. Teller must be regarded as the creato, 
of the H-bomb. He worked oui the prip. 
ciples that were applied in designing th 
bomb, first at Los Alamos, New Mexico, and 
later at Livermore, in California. Both th: 
prototype of 1952 and the more highly 
developed weapon of 1954 were his work 
It has been said that Oppenheimer did every. 
thing in his power to thwart Teller, and much 
of the testimony before the tribunal bore 
out this opinion. At every step of their 
deliberations, the A.E.C., the General 
Advisory Committee and Oppenheimer jp 
particular found it necessary to consider 
not only the technical feasibility of 
the H-bomb, but also its military poten. 
tialities, the effect that its possession would 
have on American foreign policy, and the 
morality of making use of a weapon that 
could wipe out a whole city. In the las 
analysis, Oppenheimer and his colleagues 
were confronted with two issues. One was : 
could the hydrogen bomb be made? The 
other issue was : should it be made ? The 
answer to the second issue may well have 
been influenced by the political beliefs of the 
scientists concerned, and: it is in this con 
nection that Dr. Oppenheimer’s _ past 
Communist associations were being judged 
by the tribunal. The recent review of 
the loyalty of this eminent American 
physicist brings up the more general 
question of how the Western nations 
should deal with their scientists and en- 
gineers—those who never have flirted with 
Communism as well as those who once saw 
good in Russia, but then rejected the 
U.S.S.R. and its agents. Many leading 
scientists in the United States react to the 
present emphasis on security and con- 
formity as to an abrasive. Their fears are 
coming to a head over the Oppenheimer case. 
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secrecy. For centuries they have been dis- 
cussing their work in their correspondence 
with learned men of other countries in 
technical journals and at international scien- 
tific gatherings. True, science, which plays 
such a large part in military affairs, no 
longer is as free as it was in Queen Victoria’s 
day. Nor are international scientific meet- 
ings what they were. Under the Hitler 
régime, German scientists who attended a 
scientific convention were instructed exactly 
how they were to behave, and to-day, repre- 
sentatives of Soviet science say nothing at all 
or are kept at home. The problem is complex 
and delicate. Probably the answer of how to 
deal with scientists is to treat them the way 
every one else is treated. Unquestionably, 
there should be reasonable surveillance of 
scientists, just as there is—and must be—a 
security check of all those engaged in “ sen- 
sitive ’ work. But the scientist should not be 
singled out to be confined and cut off from 
the world. If he is, scientific progress will be 
seriously impaired. 
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cargo ship so far built in America. 


HE “ super-tanker””’ “* World Glory” was 
Totty completed at the yard of the 
pethlehem Steel Company, Shipbuilding Divi- 
jon, in Quincy, Massachusetts. In her linear 
dimensions of length and breadth, this vessel 
exceeds all but one of the merchant ships 
which American shipyards have so far produced 
the single exception being the passenger liner 
“United States.” The “ World Glory” is 
i3ft longer and nearly 10ft wider than the liner 
“America,” and exceeds the “ Independence ” 
and “ Constitution ” by 54ft in length and 13ft 
in breadth. The ship (Fig. 1) was designed by the 
Central Technical Department of the Bethlehem 
Steel Company, Shipbuilding Division. The 
contract for .construction was awarded on 
February 6, 1952, and the keel was laid on 
April 15, 1953. The vessel was launched on 
February 9, 1954, and sailed on her maiden 
voyage to the Persian Gulf in September of last 


year. 
“ The “ World Glory” is built to the highest 
classification (A.I.E. Oil Carrier) of the American 
Bureau of Shipping. She meets the standards 





Fig. 1 





of the U.S. Coast Guard for vessels carrying 
Grade A petroleum products, and complies 
with the requirements of the 1948 Convention for 
Safety of Life at Sea ; with those of the U.S. 
Public Health Service, and with the regulations 
of the Panama and Suez Canal Authorities. 
A principal dimensions of the vessel are as 
ollows :— 


Length overall 736ft 32in 
705ft 


Length between perpendiculars ... : 

Breadth, ete Ty io ek, a 102ft 
ee See eee 
Draught, assigned summer freeboard... 37ft 64in 
Deadweight at above draught ... ... 45,509 tons 
Displ , at above draught. . 58,265 tons 





Liquid Cargo capacity... ... ... ... 395,588 barrels 
The present draught limitations in certain 
ports, and the existing limits of 34ft in the Suez 
Canal and 35ft in the Panama Canal may require 
the “World Glory” to carry somewhat less 
than full cargo on some voyages. The vessel 
is propelled by a single-screw, double-reduction- 
geared, steam turbine installation, designed to 
deliver 15,000 s.h.p. continuously at 100 r.p.m. 
of the propeller. Two water-tube boilers 
supply steam at 6001b per square inch and 
850 deg. Fah. 
Before construction of the tanker began, three 


carriers and has a cargo capacity of 395,588 barrels. 

pelled bya single-screw, double-reduction-geared steam turbine installation designed 

to deliver 15,000 s.h.p. and she averaged 17-1 knots over the measured mile 
during her trials. 
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45,000-Ton Tanker “ World Glory” 


The Quincy yard of the Bethlehem Steel Company recently completed the 45,000-ton- 
deadweight tanker “* World Glory” for the World Tankers Company. 
overall length of 736ft 33in and a moulded breadth of \02ft, the vessel is the largest 
It is also one of the world’s largest bulk oil 


With an 


The “‘ World Glory ” is pro- 


models of the same dimensions, but different 
hull form, were subjected to extensive tests 
at the David Taylor Model Basin. One of 
these three models was selected for the construc- 
tion of the actual ship ; tests showed for this 
model an advantageous combination of low 
tow-rope power, high propulsive efficiency, and 
good distribution of wake over the propeller 
disc. The value of these tests and the good 
qualities of the hull form were demonstrated 
by the performance of the completed ship on 
her trials. When run on the measured mile at 
Rockland, Maine, ballasted with water to the 
designed service draught of 34ft 6in, the vessel 
averaged 17-1 knots with 15,000 s.h.p. and 16°1 
knots with 12,000 s.h.p. Allowing the customary 
25 per cent margin for wind and weather con- 
ditions at sea, the vessel can thus be credited 
with a “‘ sea speed ” of about 16 knots. Through- 
out her trials, the ‘“‘ World Glory ” showed free- 
dom from vibration to a remarkable degree in 
all parts of the ship and in all conditions of 
operation. 

The vessel was built with a “ clear-water ” 





Aerial view of super-tanker ‘‘ World Glory *’ of 45,000 tons deadweight and 16 knots speed 


stern which is similar to that of the American 
‘“* Mariner” class fast cargo ships (described 
in THE ENGINEER of May 21, 1954). This design 
provides, both before and behind the propeller, 
much greater clearances than can be obtained 
with the usual arrangement of single-screw stern 
frame having a bearing at the bottom of the 
rudder, and also permits the propeller to be 
situated a foot or more deeper in the water. 
The smoothness in actual operation of the vessel 
is believed to be in part the result of this design. 
In general arrangement, the “‘ World Glory ” 
is similar to most modern seagoing tankers. 
The vessel is of single-deck, “ three-island ” 
design, with machinery aft and accommodation 
amidships and aft. The liquid cargo space is 
divided by two longitudinal bulkheads and ten 
transverse bulkheads into thirty-three separate 
cargo tanks, each 40ft in length. Fuel oil bunkers 
and the cargo pump room are just abaft the 
liquid cargo space ; forward, there are reserve 
fuel bunkers, ballast tanks, a dry cargo space of 
about 37,700 cubic feet bale capacity, a pump 
room, store rooms and the carpenter’s shop. 
Structurally, the vessel is little different from 
most of the “ super-tankers” which have 
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recently been built in the United States, and is 
framed longitudinally through the cargo holds 
and transversely at the bow and stern. Due 
to the heavy scantlings required by the large 
size of the ship, a considerable number of 
** doublers ” have been fitted in order to prevent 
plating thicknesses from becoming too great for 
satisfactory welding. The structure, which is 
principally welded, employs normalised steel 
to a considerable extent in order to obtain the 
greatest possible freedom from notch sensitivity.. 
Riveting has been used for two bottom shell 
seams, four deck plating seams, for the sheer 
strake seams arid gunwale bar connections, 
and for the shell seams at the turn of the bilge. 


ACCOMMODATION 


Accommodation has been provided for a crew 
of sixty, and for three persons in the owner’s 
party. The captain, deck officers and the wireless 
operator have space amidships ; the engineering 
officers and the remainder of the crew are 
berthed aft. In general, officers have single 
rooms, and others are provided with two-berth 
rooms. In the ’midship house there is an 
attractively furnished owner’s suite consisting 
of a twin bedroom with private bath, a well- 
appointed lounge and a dining-room with service 
pantry.. There are separate mess rooms for 
officers, for petty officers and for the crew, as 
well as an officers’ lounge and a crew’s lounge. 
All accommodation was built of incombustible 
materials, Johns Manville “‘ Marinite”’ having 
been used for joiner bulkheads throughout. 
Joiner doors within the accommodation are of 
hollow metal, insulated. Throughout the accom- 
modation the ceilings have been fitted to provide 
a finish of good appearance and to conceal 





structural members, wiring and other services. 

Wherever possible, water supply and drain 
lines are carried in vertical trunks external to 
rooms, in which these pipes are concealed from 
view, yet made easily accessible for maintenance 
or replacement by removable panels in passage- 
ways. Since the fixtures in state rooms are 
situated adjacent to these trunks, any exposed 
piping has been kept toa minimum. “ Marinite ” 
material has been employed on the ‘* World 
Glory’ to a somewhat greater extent than 
customary. It has been used for various parti- 
tions in wash rooms and toilets which formerly 
have been made of metal, and is considered to 
have improved the appearance of these spaces. 
It has also been used for the enclosures of the 
fan room, the battery locker and the “ utility 
room ” in the ’midship house, which contains a 
water heater, a drinking water circulating pump, 
lighting transformers and a switchboard. Much 
of this equipment might have been hung on 
enclosure bulkheads of steel; here, it was 
mounted on suitable supports and placed in 
working order before the enclosure was erected. 
This procedure was found to facilitate installation 
of equipment, and should also facilitate its 
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replacement,. if required, in the future. 

Particular attention was given to the appear- 
ance of the vessel during its design and con- 
struction. Modifications to improve appearance 
include the use of well-proportioned curved 
contours for prominent sight edges and the 
elimination or concealment, when possible, of 
unsightly projections from or above the deck 
houses. Assistance in arriving at the final 
design was obtained from a small-scale “‘ top- 
side ’ model of the vessel fitted with deck houses, 
masts and kingposts, funnel and other prominent 
features. On this model, the effects of variations 
in positions and proportions of the houses and 
other prominent parts, and in colour schemes, 
could readily be ascertained in the design office. 
In detailing the funnel for the ship, the know- 
ledge gained from many model experiments in a 
wind tunnel, which were conducted by Bethlehem 
in order to obtain a suitable design for the funnels 
of some recently built cargo and passenger 
vessels, was used to advantage. Uptakes emerge 
from the top of the funnel near its after extremity. 
They are small in cross-sectional area, in order 
to produce a high velocity of the exhaust gases 
in the uptakes. The top of the funnel is well 
rounded at its periphery, to permit air to flow 
smoothly in all directions across the top of the 
funnel, and so reduce the tendency for eddies 
and down-draughts to form about the top of 
the funnel. Screened openings in the after side 
of the funnel casing provide outlets for ventilation 
exhaust from the boiler 
room through _ the 
interior of the funnel, 
and also supply air for 
the forced draught 
blowers under cold 
weather conditions when 
boiler room ventilation 
air is reduced. 

All accommodation 
is fitted with mechanical 
ventilation. Air is sup- 
plied to the living spaces, 
and exhausts are taken 
generally from passage- 
ways, baths and wash 
reoms, the laundry and 
certain lockers and 
working spaces. The 
galley has a separate 
exhaust fan discharging 
to the atmosphere, and 
draws part of its supply 
air from the adjacent 
pantrics and mess rooms. 
The supply air is heated, 
in cool weather, by a 
steam heater in each 
supply system. The 
steam supplied to the 
heaters is thermostat- 
ically controlled, so 
as to maintain comfortable temperatures in the 
living spaces in normal winter weather. Addi- 
tional heat, where required, is supplied by steam 
convector radiators controlled by hand-operated 
valves. The boiler room has a mechanical air 
supply and exhausts through the funnel openings 
any surplus air not taken by the forced draught 
blowers. The engine room has a mechanical 
air supply and exhaust. The cargo oil pump room 
has a mechanical air supply and a mechanical 
exhaust of lower capacity from major pockets 
in the bilges ; the remainder of the exhaust is 
natural. 





PROPELLING MACHINERY 


A view of the engine room is shown in the 
accompanying photograph. The single-screw, 
geared turbine propelling machinery is repre- 
sentative of current American practice for 
merchant ship installations of the same kind and 
power, and is almost identical to that of several 
other large and recently built tankers. The 
turbines were designed by the Bethlehem Steel 
Company and built in the shops at the Quincy 
yard. There is a high-pressure impulse-reaction 
turbine and a low-pressure, single-flow, reaction 
turbine. The impulse astern turbine is incor- 
porated in the exhaust end of the low-pressure 
ahead turbine. The end thrust in both turbines 
is balanced by dummy pistons and equalising 
pipes, and each turbine rotor is fitted with a 
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Kingsbury thrust bearing. Each turbine rotor 
is machined from a single forging of open-hearth 
steel. The turbine casings are made in upper 
and lower halves of cast steel. The turbine 
blades are made of stainless steel and the shroud 
rings are of monel. The double-reduction, 
double-helical, nested reduction gears were 
made by the Falk Corporation, of Milwaukee, 
Wisconsin. The pivoted, segmental main thrust 
bearing is incorporated at the forward end of 
the reduction gear casing. The propeller shafting 
is solid forged steel and the diameter of the tail 
shaft, under the bearing sleeve, is 24in. The 
reduction gear is designed to reduce the high- 
pressure and low-pressure turbine speeds of 
4700 and 2600 r.p.m., respectively, to a propeller 
shaft speed of 97 r.p.m., and the propeller is a 
five-bladed, solid, cast manganese bronze unit, 
22ft 6in in diameter by 17ft 4in pitch, and has a 
finished weight of 66,930 lb. It was designed by 
Bethlehem and made in the propeller shop at the 
Staten Island yard of the company. 

The steam generating plant of the vessel con- 
sists of two bent-tube, two-drum water-tube 
boilers made by Combustion Engineering, 
Incorporated, of New York. This plant generates 
steam at 600 Ib per square inch gauge pressure 
and 850 deg. Fah. temperature at the super- 
heater outlet. Each boiler has a maximum total 
evaporation rate of 72,000lb per hour. The 
boiler furnaces have water walls at the sides, the 
rear and the roof. The boilers are fitted with 





Fig. 2—Engine-room with turbines, reduction gearing and controls 


superheaters, desuperheaters, steam air heaters 


and economisers. Automatic combustion control - 


and an automatic boiler feed control are pro- 
vided. Three centrifugal, turbine-driven boiler 
feed pumps are fitted, any one of which can 
supply the maximum requirement of feed water. 
In the design of this vessel, the auxiliary exhaust 
pressure has been raised, compared to previous 
installations, to 35lb per square inch gauge. 
By so increasing the feed inlet temperatures to 
the economiser, and thus raising the gas outlet 
temperatures, it is believed that corrosion of the 
economiser tubes and of the uptakes will be 
reduced. Consequently, the vessel will be able 
to utilise fuels with higher than average sulphur 
content. 

Two complete and independent salt water 
distilling plants are installed, each rated to 
produce 10,000 U.S. gallons of fresh water per 
day. These plants are of the low-pressure, 
single-effect, submerged tube design and were 
built by Bethlehem. A low-pressure steam 
generator takes steam normally from _ the 
auxiliary steam line or from a turbine bleeder and 
returns the condensate to the de-aerating feed 
water heater. Heat given up by this steam is 
used to generate up to 45,000lb per hour of 
saturated steam at 120 1b per square inch. This 
steam is supplied to certain services where low- 
pressure steam is needed, or where steam and 
exhaust lines are subject to a certain degree of 
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contamination so that the condensate 
safely be mixed with the boiler feeq Wa 

‘ Be gor! ter 
The services so supplied include steam-dri 
deck machinery, cargo stripping pumps, recipne 
cating bilge pumps, steam smothering line 
cargo oil heating lines and, through qa further 
reduction to 35 lb per square inch, steam heat 
to the accommodation. Exhausts from 
various lines are condensed at atmospheric 
pressure and pass through a drain inspection 
tank and a salinity detector before retym; 
to the low-pressure generator for reheating, 

There are four main Ingersoll-Rand 
pumps, which are turbine-driven and are each 
rated at 3500 U.S. gallons per minute Capacity 
when pumping petrol. These pumps can also 
be connected to load and discharge sea-Wwater 
ballast in the cargo tanks when required, and 
in this duty they are each rated at 4200 Us 
gallons per minute. Exhaust steam from the 
turbines which drive these main cargo pumps js 
condensed in a separate condenser at atmospheric 
pressure, and the condensate is pumped to the 
de-aerating feed heater. Four Worthington 
duplex, double-acting steam stripping pumps 
each of 500 U.S. gallons per minute capacity 
are provided and are also arranged to serve for 
priming the main cargo pumps. The cargo 
oil piping is arranged in four separate and 
complete systems, each serving a certain group of 
cargo tanks. With this arrangement, the ship 
is able to carry four different varicties of oil 
without mixing them during the loading or dis. 
charging operations. Cross connections and 
valves are provided to enable each main cargo 
pump to serve as a standby unit for an adjacent 
pump. The suction and discharge mains are 
14in diameter, the stripping mains are 6in dia- 
meter. Connections for 8in hoses are provided 
on deck amidships. A single 14in line, connecting 
with the four main cargo systems, leads to 8in 
hose connections on the after extremity of the 
poop deck, through which cargo oil may be 
loaded or discharged. Arrangements for cleaning 
the cargo tanks by the Butterworth system are 
provided. 

Electricity is supplied by two 450V, 60 c/s, 
three-phase a.c. General Electric alternators, 
with geared De Laval turbine drives. Each 
alternator is designed to deliver SOOkW con- 
tinuously. Electrically driven auxiliaries using 
motors of 4 h.p. or more are supplied with three- 
phase, 60 c/s current at 440V ; smaller motors 
take single-phase alternating current at 115V 
from lighting circuits. The ship’s lighting 
circuits are supplied, through transformers, with 
60 c/s, single-phase alternating current at 115V. 
A diesel engine-driven, 450V, 75kW Westing- 
house emergency generator is fitted in the upper 
engine room. It is connected to provide power 
for emergency lighting and navigational pur- 
poses, and for cold ship starting, including the 
operation of the forced draught blowers at 
reduced speed. It is arranged to start auto- 
matically upon interruption of current at the 
main switchboard. 

The steering gear is electro-hydraulic, with four 
cylinders and duplicate pumping units. Steering 
control is by tele-motor from the wheelhouse, 
with steering stands in the wheelhouse and on the 
wheelhouse top ; by shafting and clutch from an 
emergency steering stand on the top of the poop 
deck house, or by means of a Sperry two-unit 
gyro-pilot system providing hand or automatic 
control from the wheelhouse. The windlass of 
the vessel is steam driven, and is designed to 
handle the two bower anchors, which weigh 
about 22,500 lb each, on 3 yin stud link chain. 
There are two cargo and warping machines on 
the upper deck forward, two warping winches on 
the poop deck aft, and one on the upper deck 
amidships. These winches are driven by 
reciprocating steam engines. One 3-ton derrick, 
48ft long, is fitted on the forward side of each 
of the two kingposts forward. Two 5-ton 
derricks, 36ft long, are fitted on each of the two 
kingposts amidships. 



























PRODUCTION OF ONE HUNDREDTH GAS TURBINE.— 
The General Electric Company, of Schenectady, New 
York, has announced the completion of its hundredth 
gas turbine. At present, ninety-seven of these machines 
are in commercial use, driving locomotives, generating 
electricity and pumping natural gas in Californie, New 
England, Texas, Montana and Venezuela. 
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Overseas Trade 


Board of Trade has now made a full 

is of the United Kingdom’s overseas trade 

for last year. It shows that exports of 

ited Kingdom goods amounted in value to 

£9673 million, that re-exports were valued at 

£101 million, and that the value of imports 

yas £3379 million. Crude, semi-finished and 

steel and manufactures thereof con- 

gituted the highest category in the United 

Kingdom’s exports last year, the value being 

(125 million, or £2,000,000 above the 1953 

Exports of passenger cars and chassis, at 

{119 million, were £15,000,000 above the 1953 
total 


Dealing in particular with engineering pro- 
ducts, the Board of Trade says that last year 
rts of these, at a value of £1012 million, 
were higher than ever before and were 4 per 
cent more than in 1953, The road vehicles and 
aircraft division showed the greatest improve- 
ment, last year’s figure being £307,500,000, 
or 6 per cent above the 1953 total. Nearly 
three-quarters of that increase was accounted 
for by exports of passenger cars, which were 
ially heavy to Australia and New Zealand 
following the relaxation in those countries of 
import restrictions. There were also much bigger 
exports of cars to Sweden, the value of them 
exceeding £12,500,000. But motor-car exports 
to Canada last year, valued at less than £6,000,000 
were not much more than half the 1953 figure. 
Chassis for cars and commercial vehicles showed 
asubstantial increase last year, mainly on account 
of bigger shipments to the Southern Dominions. 
Exports of machinery other than electric, which 
were valued at about £408 million, reached a 
new high level last year, being 24 per cent or so 
more than in 1953. In addition to Australia and 
New Zealand, Pakistan took considerably 
increased shipments of machinery and there 
were appreciable expansions in trade with the 
Netherlands, Western Germany, the U.S.A. and 
Venezuela. Machinery exports to Canada last 
year, however, were lower than in 1953, and, 
the Board of Trade comments, in Sweden and 
South Africa, growing competition from Western 
Germany affected the results. Last year’s 
improvement was spread over many items of 
machinery, the most notable increase being in 
agricultural and track-laying tractors, shipments 
of which rose by £7,000,000 to a total value of 
over £47,500,000. 

Exports of ships and boats reached a value 
of nearly £50,500,000 last year, the highest 
figure recorded since 1951. Exports of railway 
vehicles continued to rise, last year’s figure being 
nearly £44,500,000. The scientific instruments 
division is another engineering export group 
which has increased each year since the war. 
Last year’s total of £31,500,000 was about 15 
per cent above the 1953 level. On the other 
hand, there was some decline last year in exports 
of electric machinery and apparatus. At a 
value of £170 million, they were 14 per cent 
below those of 1953. It is stated that the fall 
was mainly in exports to India, South Africa 
and Kenya, but that it was partly counter- 
balanced by increases in exports to Pakistan and 
the Netherlands. Electric cables and wires 
were most affected by the decline, last year’s 
value of £19,500,000 being one-third below the 
1953 figure. Exports of converting machinery 
and telegraph and telephone equipment were 
also lower last year than in 1953, but most other 
items were well maintained or increased. Exports 
of electronic valves, radio, television and radar 
equipment, for example, increased by £2,500,000 
toa total of £26,000,000. 


Area Pattern of British Exports 


In the survey referred to in the preceding note, 
the Board of Trade says that United Kingdom 
exports were subject to both favourable and 
unfavourable factors in 1954. Rising production 
at home made more goods available for export, 
trading conditions in the sterling area were 
casier, and increasing production and consump- 
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tion in Europe were accompanied by reductions 
in trade barriers. On the other hand, business 
activity in North America was at a lower level, 
the re-established industries of Germany and 
Japan made rapid progress towards the recovery 
of former markets, and the removal of import 
restrictions in many countries, particularly 
restrictions against dollar goods, intensified the 
competition which our exports had to over- 
come, 

With successive relaxations in import restric- 
tions in the sterling area during 1953 and 1954, 
United Kingdom exports to the sterling area 
countries have been moving up and last year 
amounted to £1330 million, an increase of 6 
per cent over 1953. The proportion of the 
United Kingdom’s exports which went to the 
sterling area was also greater last year than in 
the two preceding years. Last year the propor- 
tion was almost one-half, in 1953 it was about 
48-5 per cent, and in 1952 just over 49 per 
cent; in 1951 it was 51 per cent. But the 
improvement in our exports to the sterling area 
last year did not extend to all countries in the 
group. Compared with 1953, there were large 
increases to Australia and New Zealand, espe- 
cially in consumer goods, and Pakistan took 
considerably more machinery and iron and 
steel. In India, South Africa and the Colonies, 
however, where competition from Germany, 
Japan, or the dollar area, was more severe, 
United Kingdom exports last year were no 
more, and in some cases less, than in 1953. 
The Board of Trade’s comment on this is that, 
although it is still too early to draw any definite 
conclusions, our experience in these countries 
last year may provide a pointer to the future in 
other sterling area markets and elsewhere, in 
which intensifying competition must now be 
expected. 

In the dollar area, United Kingdom exports 
met unfavourable conditions last year. The 
Board of Trade points out that the economy 
of the U.S.A. had been expanding up to mid- 
1953, but the recession which then began con- 
tinued through much of 1954. Towards the 
end of 1953, Canada also began to experience a 
recession. The effect of this lower level of 
activity in North America was to reduce United 
Kingdom exports to the dollar area, which had 
been growing over the preceding four years, to 
£360 million last year, a decrease of 64 per cent 
compared with 1953. Exports to Canada were 
more severely curtailed than those to the U.S.A., 
and were about 16 per cent lower than in 1953. 


Railway Wages 


Last week it was stated that the executive of 
the National Union of Railwaymen had accepted 
the wage increases proposed by the British 
Transport Commission for the operating grades 
of British Railways employees. From the infor- 
mation given by the N.U.R. these increases 
range from 7s. to 10s. a week, though there 
are some railway guards whose increases amount 
to more. These rates, like those announced on 
January 7th for porters and other employees in 
the lowest paid categories, date from January 
10th. For the most part they represent an 
addition of 15 per cent to the wage rates operat- 
ing prior to December, 1953. 


The latest increase brings the top rate for 
drivers to £9 15s., but comparatively few of the 
footplate men on British Railways are members 
of the N.U.R. Their union is the Associated 
Society of Locomotive Engineers and Firemen, 
the executive of which stated last week that the 
new rates for foo p,ate men were not acceptable. 
The executive act subsequently that it would 
press for the maintenance of the differentials 
accorded to the footplate staffs in the recent 
award of the Railway Staff National Tribunal. 
To accept the British Transport Commission’s 
latest figure would mean a reduction in those 
differentials. The executive of the Associated 
Society of Locomotive Engineers and Firemen 
has therefore decided to negotiate a new wage 









Industrial and Labour Notes 


claim and has asked for an early meeting of the 
Railway Staff Conference to discuss the matter. 

On Tuesday evening last, the final report 
of the Court of Inquiry into the recent railway 
wage dispute was published. The members 
of the court were Sir John Cameron, Q.C., Sir 
Colin Anderson and Mr. Harry Douglass. 
An interim report was presented to the Minister 
of Labour on January 3rd, and the recommenda- 
tions made in it led almost immediately to negotia- 
tions on the wage increases detailed above. 
The final report elaborates in greater detail 
some of the views expressed in the interim report. 
The court put forward the opinion that so far 
as the nationalised railways were concerned it 
should not be expected “ that a rate of wages 
was to be established less than that being paid 
in comparable industry.” In its: final report, 
the court says that it is implicit that the wage 
must be properly earned, and that to be a “ fair 
wage ” it must be not only no lower than it 
should be, but also no higher than it should be. 
The report ends with some comments on 
efficiency and economy, and urges that there 
should be a “‘ much more searching and detailed 
inquiry” with a view to the elucidation of 
difficulties on the railways. 


Home and Export Markets 


Some comments on home and export market 
prospects were made last week by Lord Brabazon 
of Tara, in his chairman’s statement at the 
annual general meeting of Associated Com- 
mercial Vehicles, Ltd. Lord Brabazon said that 
in recent months the export market had shown 
signs of improvement and substantial orders 
for complete commercial vehicles had been 
obtained in the face of severe competition. Such 
competition arose not only on the score of price, 
but also from the fact that many foreign com- 
petitors were able to grant, with government 
backing, much longer credit facilities than firms 
in this country were permitted to offer. It was 
universally admitted, Lord Brabazon continued, 
that the existence of a strong home market was 
necessary for the building up of a stable and 
expanding overseas business. In recent years 
the home market had received only what was 
left after giving priority to rearmament and 
export. 


Industrial Disputes 


In the course of a statement circulated with 
the annual report of Westminster Bank, Ltd., the 
chairman, Lord Aldenham, observes that indus- 
trial disputes last year wasted even more of the 
nation’s working time than in 1953. He points 
out that when a dispute interrupts the flow of 
exports, as any important stoppage nearly always 
does, the harm done extends far beyond what is 
obvious to those concerned. It is not merely a 
question of an accumulation of goods to be . 
cleared by working overtime. The dislocation 
of trade may last for several months and, Lord 
Aldenham adds, if our overseas competitors 
take the opportunity to step in, some of the 
damage may be permanent. It can easily be 
understood, therefore, how even the threat of 
an industrial dispute hampers the efforts of those 
who are trying to sell goods abroad. 


Electricity Supply Workers’ Wages 


At the end of last week it was announced 
that the national joint industrial council for the 
electricity supply industry had considered an 
application from the trade unions for an increase 
in the wages of all manual workers in the industry. 
It was agreed that the rates of all manual workers 
should be increased by 3d. an hour, with effect 
from the first full pay period following January 
Ist. Consideration was then given to certain 
operational and maintenance grades, and the 
wage rates of certain of these grades have been 
further increased by amounts ranging from 4d. 
to 1d. an hour. It was also agreed that the wage 
rates of foremen in the industry should be 
increased by £40 a year. 








































































Appointments 


ViscOUNT COBHAM has been elected a director of 
Associated Electrical Industries, Ltd. 


BOWMAKER (PLANT), Ltd., announces the appoint- 
ment of Mr. L. J. P. Rennie as depot manager at 
Fenny Bridges, Devon. 


Sir RONALD C. STEWART, Bt., deputy chairman of 
London Brick Company, Ltd., has joined the board 
of Transformers (Watford), Ltd. 


_Mr. PauL M. LE Vert has been appointed acting 
director of the transport division of the United 
Nations Economic Commission for Europe. 


Mr. G. W. Hatt has been appointed an assistant 
managing director of The Fairey Aviation Company, 
Ltd., 24, Bruton Street, London, W.1, in addition to 
Mr. L. Massey Hilton. 


Mr. R. P. Morison, Q.C., has been appointed inde- 
pendent chairman of the executive committee of the 
British Iron and Steel Federation in succession to 
the late Mr. Frederick Grant, Q.C. 


MONSANTO CHEMICALS, Ltd., announces that Mr. 
N. F. Patterson, director and general manager of 
production, has been appointed director responsible 
for all the company’s manufacturing operations, 


WinceT, Ltd., Rochester, states that Mr. C. G. 
Pullin, M.I.Mech.E., has been .appointed technical 
consultant and a director. Mr. Norman Staff has 
roe appointed secretary of the company and a 

irector. 


Mr. GEORGE TALBOT has been appointed general 
manager of the furnace building and contracting 
division of The Wellman Smith Owen Engineering 
Corporation, Ltd., Parnell House, Wilton Road, 
London, S.W.1. 


SWAN, HUNTER AND WIGHAM RICHARDSON, Ltd., 
announces that Mr. Thomas Mclver has been 
appointed general manager of the Wallsend shipyard, 
in succession to Mr. Hamish Lithgow, who has com- 
pleted nearly fifty years’ service with the company. 


CapTAIN H. Menzies, R.N., formerly assistant 
hydrographer at the Admiralty, has been appointed 
professional officer in the marine navigational aids 
division of the Ministry of Transport and Civil 
Aviation. He succeeds Commander D. A. Henderson, 
R.N., who has retired. 


Mr. W. CaRDNO has been appointed agent in 
charge of the construction of the Auckland Harbour 
Bridge, New Zealand, the contract for which was last 
year placed jointly with the Cleveland Bridge and 
Engineering Company, Ltd., and Dorman Long 
(Bridge and Engineering), Ltd. 


Mr. B. J. TeRRELL has been appointed senior 
designer at the Pametrada Research Station at 
Wallsend. He joined the staff of Pametrada in 1946 
and has been senior research engineer since 1950. 
Mr. R. F. Darling has succeeded Mr. Terrell as 
senior research engineer, and Mr. M. H. Petty has 
been appointed to the position of deputy senior 
research engineer. 


KEITH BLACKMAN, Ltd., Mill Mead Road, Totten- 
ham, N.17, announces the following appointments : 
sales manager, Mr. C. J. Atkins ; assistant sales 
manager, Mr. A. H. Woodley ; contracts manager, 
Mr. F. W. Goodge ; assistant to the chief engineer, 
Mr. D. Humphrey. These appointments result from 
staff reorganisation following the death, on January 
4th, of Mr. D. Goldberg, sales manager. Mr. 
Goldberg had been in the company’s service for over 
thirty-eight years. 

Mr. Darsy HADDON has been appointed chairman 
of W. H. Dorman and Co., Ltd., Stafford, as from 
April Ist next, and Mr. J. W. Whinpenny, a director, 
is to become, in addition, general manager of the 
company. These appointments are consequent upon 
the forthcoming retirement of Mr. H. F. Smallwood 
from the position of chairman and managing director 
and from his seat on the board. Mr. Smallwood will 
continue to serve the company as technical consultant. 
Mr. G. C. Saunders is retiring from his position as 
director and secretary at the end of March. He is 
to be succeeded as secretary by Mr. G. S. Tucker. 


Business Announcements 


Tue GLue PEN Company (see page 866, December 
17, 1954, issue) informs us that its address is 711, 
North Circular Road, London, N.W.2. 

Hicks MACHINERY, Ltd., states that it is moving on 
February Ist to 26, Addison Place, Holland Park, 
London, W.11 (telephone, Park 2333). 

MATTHEWS AND YATES, Ltd., Swinton, Man- 
chester, has moved its London office to 135, Rye 
Lane, Peckham, S.E.15 (telephone, New Cross 6571). 
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Personal and Business 


THE STANTON IRONWORKS CoMPANY, Ltd., Stanton, 
Nottingham, has oj a new warehouse and office 
at Wapping , Gas Ferry Road, Bristol (tele- 
phone, Bristol 24496). 


CHARLES WARNOCK AND Co., Ltd., and The Hersey 
Laboratories, Ltd., have amalgamated to form a new 
company entitled The Warnock Hersey Company, 
Ltd. The head offices and laboratories of the com- 
~~ ag at 128, Elmslie Street, Montreal 32, Quebec, 

‘anada. 


Mr. Lesiige GAMAGE, vice-chairman and joint 
managing director of The General Electric Company, 
Ltd., has left London for a three months’ tour, during 
which he will travel round the world visiting overseas 
companies of the G.E.C. in South Africa, Australia, 
New Zealand and Canada. 


MACKAY INDUSTRIAL EQUIPMENT, Ltd., Faggs 
Road, Feltham, Middlesex, states that it has acquired 
from Alan Muntz and Co., Ltd., Heston, an exclusive 
licence for the manufacture and sale of Pescara- 
Muntz free-piston air compressors in Great Britain, 
Eire, the British Commonwealth and Egypt. 


THe ENGLISH ELecrric Company, Ltd., has 
recently taken over premises at Whetstone, Leicester, 
which were formerly occupied by the National Gas 
Turbine Establishment. Research and development 
work associated with power station engineering is to 
be carried out there by the English Electric Com- 
pany, Ltd. 


ABERDARE CABLES, Ltd., 19, Woburn Place, 
London, W.C.1, announces the retirement of Mr. 
H. de C. Falle from his executive position as general 
sales manager. Mr. Falle will continue to serve on 
the boards of Aberdare Cables (Holdings), Ltd., and 
of the two operative companies, Aberdare Cables, 
Ltd., and South Wales Switchgear, Ltd. 


SHEEPBRIDGE ENGINEERING, Ltd., Chesterfield, 
states that it has secured the sole United Kingdom 
manufacturing and selling rights for chrome plating 
light alloy engine cylinders and similar components 
by the Mahle-K.G. process. British Van der Horst, 
Ltd., will operate the process and the selling rights 
will be administered by Sheepbridge Stokes, Ltd. 


METAL INbustriEs, Ltd., announces the formation 
of a new subsidiary, entitled Metind, Ltd., which will 
operate from a factory to be constructed in the 
Bromborough area. Mr. K. N. Swash has been 
appointed chairman and managing director of the 
new company, the other directors being Mr. F. R. 
Livock and Mr. T. D. Turner. Metal Industries, 
Ltd., states also that it has acquired the whole issued 
share capital of Finney Presses, Ltd., Berkley Street, 
Birmingham. The activities of this company are to 
be co-ordinated with those of Fawcett Preston and 
Co., Ltd., another member of the Metal Industries 
group. 


Contracts 


HorseLey BRIDGE AND THOMAS PiGGorTT, Ltd., 
Tipton, Staffs, has received a contract for the manu- 
facture and supply of 3000 tons of 27in and 24in 
diameter lap-welded steel water main for the Birken- 
head Corporation. The pipes are to be used for the 
Corporation’s Alwen Aqueduct duplication and 
River Dee scheme. The contract 
£250,000. 


Miscellanea 


TABULAR SUMMARY OF CIviL ENGINEERING CONTRACTS. 
—The supplement with the above title which was pub- 
lished with Tue ENGINEER of December 24th last included 
on page xl a contract for Thames Board Mills, Ltd. 
(consultants, F. S. Snow and Partners) for the extension 
of board mills at Warrington. The contractor is stated 
to be A. E. Symes, Ltd., but we now learn that this work 
is, ‘a fact, being carried out by Arthur Monk and Co., 
Ltd. 


ART AND INpDustry.—Recently the Shell Petroleum 
Company, Ltd., held an exhibition of drawings and 
paintings entitled ‘‘ The Artist’s View of an Industry.” 
On view were a selection of pictures which were the 
result of an invitation by the Shell Petroleum Company, 
Ltd., to painters to submit pictures with the oil industry 
for subject. The pa exhibited ranged from the 
building of an oil tanker to the construction of a 
refinery. 

NATIONAL DIPLOMA IN AGRICULTURAL ENGINEERING. 
—The Institution of British Agricultural Engineers has 
two scholarships for award to students undertaking the 
wee of study ing to the final examination for the 

ational Diploma in Agricultural Engineering. Both 
scholarships will be awarded for the 1955-56 session of 
study and will be applied for the benefit of approved 
candidates for the final examination who would experi- 
ence difficulty in taking full-time study at an approved 
college without financial assistance. Full particulars 
of the scholarships with gy forms, may be 
obtained from the Secretary of the Institution of British 
Agricultural Engineers, 24, Portland Place, London, 


is valued at” 
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tions is May 31st next. The 1955 final exa: 
the National Diploma in Agricultural Engi 
be held from July 19th to 26th. Application foam 
entry to the examination may be obtained from fr 
Secretary of the Institution of British Agricy the 
Engineers at the address given above. Tire closi 
for applications, which should be accompanied b 

entrance fee of £10 10s., is March 31s: ‘Are 
entering from approved colleges may submit the 
entry forms through the principal of their college, te 


Lockinc Rotary SwitcHes.—We are informed 4 
Crater Products, Ltd., The Lye, St. Johns, Wokiay 
Surrey, that it is now making a barre!-key-operate, 
mechanism for fitting to its existing rotary sw 
With this mechanism a large number of key sequencs 
are available and the keys can be made to withdraw y 
various switch positions, or not, as desired, All the 
normal switch sequences, as well as a number of 
sequences, are now available with key mechanisms fo 
both a.c. and d.c. mains use. 


SULPHUR FROM NATURAL Gas.—We are info; 
by The Shell Petroleum Company, Ltd., that it has 
completed extensions to the existing plant, at Jum 
ing Pound, Alberta, Canada, for the extraction of sulphur 
from natural gas. This new plant, which trebles the 
former capacity and will produce 80 tons of sulphur g 
day, has been built to meet the requirements of expansion 
of natural = facilities in the area which is now pro. 
ducing 60,000,000 cubic feet per day. The Original 
output of sulphur was used by pulp and paper many. 
facturers, but much of the additional sulphur will be 
converted into sulphuric acid required for Processing 
uranium ores. 


SwanszA Docks IMPROVEMENT SCHEME.—The British 
Transport Commission has authorised an improvement 
scheme for ees at Swansea Docks at an estimated 
cost of £700,000. The scheme provides for better 
approach facilities, increased locking capacity and 
deeper water in dock for deep-draughted vessels. The 
works planned include a new approach jetty outside 
the King’s Dock lock entrance to accommodate vessels 
waiting their turn to dock ; improved swinging facilities 
at the lock entrance by extending the existing riverside 
roundhead, and a new pumping system to increase 
the depth of water in the dock to 33ft. The scheme is 
expected to be completed in about two years. 


METAL FATIGUE AND CORROSION CouRSE.—The 
Battersea Polytechnic, London, S.W.11, has arranged a 
comprehensive series of eight lectures on the corrosion 
of stressed metals. The series comes under six headings— 
basic structure and deformation of metals, fatigue and 
some of its problems, fretting corrosion, non-ferrous 
metals and ferrous metals. The first six lectures will be 
ane at weekly intervals starting February 24th, and the 

st two lectures on iron and steel will start on April 28th 
and end on May Sth. A fee of two guineas is charged for 
the series and registration may be made with the Secretary 
rr Course), Battersea Polytechnic, London, 


MAUDSLAY SCHOLARSHIPS.—The Junior Institution of 
Engineers says that, through the generosity of the 
Maudslay Society, it is able to offer Maudslay Scholar- 
ships to young engineers for the purpose of assisting 
them in their technical education and practical training. 
The amount of any one scholarship will not exceed 
£400 a year nor be less than £100 a year (initially for 
one year). To be eligible for the scholarships, which 
will be awarded by selection, candidates must not have 
passed their twenty-sixth birthday and must be engineers 
or training to be engineers wholly or mainly interested 
in mechanical engineering. The closing date for entries 
for the present session is February 28th. Further 
information can be obtained from the Secretary of the 
Junior Institution of Engineers, Pepys House, 14, 
Rochester Row, London, S.W.1. 


Mosite Hyprautic Crane.—Particulars have been 
issued by the Lambert Engineering ge od (Glasgow), 
Ltd., Kelvin Dock, Maryhill Road, Glasgow, N.W., 
of its latest design of “ Hydrocon”’ hydraulically- 
operated, truck-mounted, full circle slewing, mobile 
crane. In this crane all the motions—hoisting, derricking 
and slewing—are operated by hydraulic motors controlled 
from the driver’s seat in the truck cabin. The crane 
can be fitted with an 18ft or a 24ft jib and has capacities 
varying from 3 tons at 6ft radius to 1 ton at 1 1ft radius. 
The hydraulic pump is driven from the power take-off 
of the truck and all the hydraulic motors are inter- 
changeable. The crane can be slewed through 360 
deg. in a minimum time of 24 seconds, its hoisting 
8 is about 50ft per minute and derricking from 
platform level through 75 deg. can be effected in about 
27 seconds. 

British 


FRACTIONAL-HoRSEPOWER Motors. — The 
Thomson-Houston Company, Ltd., Rugby, has _pub- 
lished a new pocket book entitled “ Fractional-Horse- 
power Motors.’’ Its object is to ae the user to under- 
stand the characteristics and performance of f.bp. 
motors and their correct application and maintenance. 
There are six chapters, giving advice on the choice 
of a motor and its installation, the connections of 
motors and generators and their care and maintenance. 
A final chapter deals with technical data, including the 
torque and operating characteristics: of the various 
kinds of f.h.p. motor. Tabular information is given 
on full load currents corresponding to various outputs 
and current ratings of flexible cords, v.i.r. and p.V.c 
cables and fuse wires. Machinery manufacturers, 
electrical contractors and maintenance engineers can 
obtain a copy of the pocket book 4 applying to the 
Technical Publications Department, The British Thom- 
son-Houston Company, Ltd., Rugby. 


W.1. The last day for the “eo of completed applicg 
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British Patent Specifications 


of the communicator are in 5 

iets oO) noi illustrated the specification is without drawings. 
arldemelirst given is the date of application; the second date, 
a he anid of the abridgment, is t date of publication of the 


cng see cions may be obtained at the Patent Off 
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<Ltench, 5, Southampton Bulldings, Chancery Lane, W.C.2, 
1, 84, each, 
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FURNACES 


71,363. February 8, 1952.—ACCELERATING THE 
CoMBUSTION OF SOLID FueL, Johannes Josef 
Martin, Montsalvatstrasse, 14, Munich 23, 
Germany. : 

in the design of furnace shown in the upper 
drawing, fuel lumps are blown on to the combustion 
chamber side of the grate at the base of the com- 
fusion chamber A by a broad nozzle B so that they 
follow a flat projected parabolic path which can 
atend for a predetermined distance along the 
wrface of the grate C and fuel bed upon it. One 
or more air blast nozzles D on the opposite side of 
the combustion chamber to the entrance of fuel 
may be fed with air or steam and projected opposite 
io the stream of projected fuel. The air blast nozzles 
ye arranged in one or more rows at a lower level 
than the fuel entrance and impart to the projected 
stream a component of velocity opposed to the 

vitational force acting on the fuel stream. Their 
feed takes place from the air conduit E. In order 
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to complete the combustion of unconsumed fuel 
particles in the flue dust and so improve the efficiency 
of the furnace, an arrangement such as that shown 
in the lower view may be used, in which flue dust 
returned to a conduit F, pneumatically from col- 
lectors in the flue, is either mixed with the air stream 
through conduit G or is led in by a conduit H lying 
above the nozzle D, so that it falls into the path of 
the air from the rear wall of the chamber, and is 
impelled forward by this. It is thus given a high 
initial velocity, so that the flue dust comprising coke 
particles becomes dispersed in the stream of fresh 
fuel lumps. In order to collect unconsumed par- 
ticles of fuel carried off from the bed with the pro- 
ducts of combustion, an inclined wall K may be 
formed in the combustion chamber above the air 
blast nozzles to allow particles settling thereon to 
slide downwards into the air and/or steam stream. 
By suitably selecting the speed and direction of the 
nozzles, the method can be, used for horizontal grates 
or grates inclined to the ash-pit.—January 5, 1955. 
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BEARINGS AND SUPPORTS 


721,549. January 11, 1952.—PLAIN BEARINGS, 
The Glacier Metal Company, Ltd., 368, Ealing 
Road, Alperton, Wembley, Middlesex. ( Jnven- 
tor: Phil Prince Love.) 

The invention relates to plain bearings for use 

+ ward ae loads and 

igh speeds, e.g., 

10,000 r.p.m. and upwards. 

The bearing is provided 

with circumferentially 

spaced or like grooves in 

Its surface, the grooves 

tapering in the direction of 

rotation of the journal 
and merging into the bore, 
and at the thick end of 
their sections communicat- 
ing with oil inlets through 

Which oil is supplied under 

Pressure. Referring to 

the drawing, a journal 

bearing comprises a shell A of bearing material 

Provided in its bore B with three symmetrically 
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spaced axially extending grooves C of wedge section. 
The bore of the bearing is of such dimension as to 
provide a minimum diametrical clearance normally 
calculated to be suitable for the speed, diameter 
and length/diameter conditions, or of slightly smaller 
diametrical clearance. grooves C of wedge 
section have a width in the circumferential direction 
of about one-fifth to one-third of the bore diameter 
and a depth at the thick end D of the wedge section 
of 5 to 15 thousandths of the bore diameter, the 
wedge section which, at the thin end £, merges into 
the bore, tapering in the direction of rotation of the 
journal, as indicated by the arrow F. A passage G 
for the supply of oil under pressure communicates 
with each of the grooves.—January 5, 1955. 


ROAD TRANSPORT 


721,216. July 31, 1951.—TippiInc Bopies FoR 
VEHICLES, Vauxhall Motors, Ltd., Luton, 
Bedfordshire. (Inventor: Roland Ransom 
Bishop.) 

As shown in the drawing, the tipping body A of 
the tipper truck is pivotally connected to the rear 
end of the truck chassis B about axis C. The body 
normally overlies the chassis in the, horizontal 
position and is connected to the chassis at its forward 
end through a hydraulic ram or equivalent mecha- 
nism (indicated by the chain line D). Adjacent the 
forward end of the body and on the underside is 
pivotally connected at E one end of a collapsible 
stabiliser framework F and G which extends sub- 
stantially across the full width of the vehicle chassis, 
the other end of the framework being pivotally 
connected at H to the chassis at a point below and 
forward of the first-mentioned pivotal connection E 
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when the body is lowered. The framework consists 
of a pair of cross-braced girder sections of slightly 
unequal lengths which are articulated at J. The 
combined length of the two sections is preferably 
slightly greater than the length of a straight line 
drawn between the points of pivotal connection 
E and H, when the body is fully raised, so that the 
two sections of the stabiliser framework cannot 
become exactly co-planar so as to constitute effec- 
tively a rigid strut which would prevent lowering 
of the body from its fully raised position. The 
rigidity and width of the framework F and G enable 
it to oppose any tendency for the body, both during 
tipping and when tipped, to cant or slew to one or 
other side of the vehicle. When the body A is 
lowered on to the chassis B the stabiliser framework 
F and G collapses substantially into the plane of the 
chassis.—January 5, 1955. 


POWER TRANSMISSION 


721,279. October 18, 1951.—CLUTCHES WITH 
OVERLOAD DISENGAGEMENT Devices, Siemag 
Vertriebsgesellschaft, m.b.H., Siegen, West- 
phalia, Germany. 

The invention relates to a clutch construction 
in which the force-transmitting friction members 
comprise laminge and are put out of operation, 
through intermediate members, with the aid of 
devices which utilise the angle of relative rotation 
which results positively between the two clutch 
halves on the occurrence of an overload. As will be 
seen from the drawing, the valve rod A is arranged in 
the driving B of the clutch. The rod is, at its 
end, in the form of a valve piston C and carries, on 
its other end, an operating handwheel D. The 
toothed segment wheel E, comprising the disengaging 
element, is also mounted on the valve rod A. A 
part of the driven half of the clutch (in the drawing, 
the lamina F), which part is in the form of a toothed 
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wheel, meshes with the segment wheel E. If a relative 
rotation through an angle is, on the occurrence of 
overload, produced between the two clutch halves, 
the toothed-segment wheel E is likewise rotated 
through a definite angle by the tooth ratio. This 
rotation effects at the same time, through the valve 
rod A, an opening of the valve by means of the valve 
piston C. The pressure exerted on the closing piston 
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G in the driving part of the clutch, is thus released, 
the frictional adhesion of the laminz of the clutch is 
eliminated and the clutch is thus disengaged. In 
order to obviate disturbance in working owing to 
automatic continued rotation of the toothed wheel 
owing to vibration, there are provided, in the toothed 
wheel E, a bolt and, in the casing of the clutch, an 
opening which, after the disengagement of the clutch 
has been effected, comes into engagement with the 
opening owing to the spring H. The device can again 
be brought into the position of preparedness by pulling 
out the handwheel D and rotating it back, it being 
possible to adjust preliminarily, with the aid of visible 
marks or the like, the angle of relative rotation desired 
for releasing the device. A modified construction is 
also shown in the specification.—January 5, 1955. 


INTERNAL COMBUSTION ENGINES 


720,222. July 7, 1952.—A LUBRICATION AND FUEL 
Oi System, C.A.V., Ltd., Warple Way, Acton, 
London, W.3. (Jnventor: Wilfrid Edward 
Walter Nicolls.) 

The modern development of lubricating oils of 
low viscosity has reached the stage in which such 
oils are essentially similar in character to fuel oils 
and can be used for either purpose. Referring to 
the drawing, an oil storage tank A communicates 
with the lubricating oil reservoir or sump B of the 
engine C. Some of the oil is withdrawn from the 
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sump by a feed pump D for supplying it through a 
filter E and a fuel injection pump F to the engine as 
fuel oil. If desired a valve G operated by a float H 
or other equivalent means may be provided in a 
sub-chamber J on the sump for regulating the flow 
of oil from the tank so as to maintain a constant oil 
level in the sump. Moreover, the inlet end of the 
pipe K which supplies the feed pump D is so arranged 
that a sufficient quantity of oil is at all times held in 
the sump to maintain adequate lubrication of the 
engine. The oil required for lubricating the engine is 
supplied by a pipe L and a pump M, the inlet end of 
this pipe being situated near the bottom of the 
sump. Two further arrangements are also shown 
in the specification.— December 15, 1954. 


721,320. May 16, 1952.—SCAVENGING MEANS, 
William Arthur Morgan, 24. The Grove, Great 
Barr, Birmingham, 22a. i 

The invention has for its object to provide a 
simple and efficient scavenging means for use in the 
exhaust system of an internal combustion engine, 
and particularly a vehicle engine. Referring to the 
drawing, there are provided for attachment to the 
exhaust pipe A of an engine, two cylindrical coaxial 
ducts B and C of different diameters and forming an 
annular gap D between their adjacent ends. The 
smaller duct B receives the exhaust gases from the 
engine, and the other duct C serves to discharge 
the gases to the atmosphere. The two ducts are 
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surrounded by a hollow cylindrical part E which is 
divided by a partition F to form two chambers, the 
capacities of which are made appropriate to the 
purpose in view. One of the chambers is in com- 
munication with the ducts through the gap D, and 








— 

















the other chamber is in communication with the 
duct C by way of a passage or passages G. The 
arrangement is such that a part of the kinetic energy 
of the exhaust gases is utilised for producing a 
partial vacuum in each of the chambers, and this 
in turn serves to promote thorough scavenging of 
the engine. The production of the partial vacuum 
in the chambers may also result, at least in part, 
from condensation of the vapour content to the 
exhaust gases on expansion.—January 5, 1955. 





British Standards Institution 


All British Standard Specifications can be obtained from the 
Sales Department of the Institution at 2, Park Street, London, W.1. 


BAROMETER CONVENTIONS AND TABLES 


No. 2520: 1954. Price 7s. 6d. This specifica- 
tion of a simplified system of barometer conventions 
has received strong support both in this country and 
internationally. The new system eliminates the 
confusion and error associated with the complexity 
of the existing barometer conventions ; it includes, 
in the simplest form, the approved pressure units 
for use for all barometric purposes, and the standard 
instrumental conditions for mercury barometers. 

The reforms which have been introduced arise 
mainly from the exclusive use of a single conventional 
value 980-665 dyn per square centimetre for standard 
gravity, together with a single reference temperature 
0 deg. Cent., not only in the definitions of the milli- 
metre of mercury and the inch of mercury as pressure 
units, but also in the standard instrumental conditions 
associated with all barometer scales, including those 
of altitude. 

The adoption of the new conventions will greatly 
simplify the manufacture and standardisation of 
mercury barometers, the correction of their readings 
to standard conditions, the final expression of pres- 
sures, and the conversion of either readings or 
pressures from one scale unit to another. As the 
scales of aneroid barometers are also to be regarded 
as graduated in terms of the new pressure units, 
their readings will show the same inter-relationships 
as the scale readings on mercury barometers. 

As from January 1, 1955, the conventions are 
being implemented by the National Physical Labora- 
tory in its tests, and by other Government depart- 
ments. The new standard gives detailed information 
of the changes involved and incorporates compre- 
hensive correction tables applicable to all current 
types of mercury barometers, on the basis of the new 
units and conventions. 


ADDENDUM TO UNIFIED THREAD TAPS 


No. 949. (P.D. 2061 : 1954). Price 7s. 6d. 
In order to ensure full interchangeability between 
unified threads made to British and American 
Standards, B.S. 1580, “‘ unified screw threads” has 
been revised to permit the production of external 
threads with flat crests and internal threads having 
appropriate clearance at the root. It has accordingly 
been necessary to modify the minimum major 
diameter of unified taps and the revised limits for 
this dimension are shown in the addendum now 
published. The limits selected not only ensure the 
necessary clearance at the root of the nut,-but also 
provide reasonable tap life and comply with gauging 
requirements. 

For the convenience of users concerned primarily 
with threads, all the tabular information 
relating to unified taps and taps for the selected 
American numbered sizes has been included so that 
the addendum may be regarded as a self-contained 
publication. 





LireBoat Power Unit.—We are informed by the 
Parsons nem | Company, Lid, that the Parsons 
Pike Marine diesel unit has been ’ approved by the 
Ministry of Transport for use in Class A and B lifeboats, 






Tues., Feb, 1st.—MARITIME MEETING : 


THE ENGINEER 


Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desii of having 
notices of meetings inserted in this column, are requested to note 
that, in order to make sure of their insertion, the necessary informa- 
tion should reach this office not later than a fortnight before the 
meeting. In all casés the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 





BRITISH INSTITUTION OF RADIO ENGINEERS 


Thurs., Feb. 3rd.—MERSEYSIDE ECTION College of beg 
Byrom Street, Liverpool, im “Colour Television : 
and Problems in the U.K..,’ tman, Rie 3 4 
SECTION 


: Reynolds Hail, College of Technology, Sackville 
Street, Manchester, “ Recent Developments in Test Gear in 
the Radio, Television and Radar Fields,’’ A. G. Wray, 7 p.m. 


ELECTRIC RAILWAY SOCIETY 


Thurs., Feb. 3rd.—Fred Tallant Hall, 153, Drummond Street, 
London, N.W.1, “ Scandinavian Electric Railways,”’ G. W 
Morant, 7.15 p.m. 


ENGINEERS’ GUILD 


Thurs., Feb. 3rd.—Caxton Hall, Caxton Street, 
London, S.W.1, Film Evening, 6 p.m. 


Westminster, 


ILLUMINATING ENGINEERING SOCIETY 


To-day, Jan. 28th.—BATH AND Bristow CENTRE : S.W. Electricity 
Board, Old Bridge Street. J Bath, “ Lighting for Photography,”’ 
R. W. Unwin, p.m.—— BIRMINGHAM CENTRE : — 
House,”’ St. Phillips Place, Comore Row, Birmi 

Window Lighting, _C, Pennington : 

5 Aspects 


ture Theatre, Yorkshire 

“ Prescribing for Seeing,”’ 
p.m. 

Tues., Feb. 1st.—STOKE-ON-TRENT Group : Midland Electricity 

, 31, Kingsway, Stoke-on-Trent, “ Sports Lighting,”’ 


. WwW. 6 p.m 

Wed., Feb. 2nd.— URGH CENTRE : Manor Club, 12, Rothe- 
say Place, Edinburgh, 3, “‘ Studies i a Interior Lighting, 3, M. 
Waldram, 7 p.m. ——-NEWCASTLE CENTRE : Roadway House, 
8, Oxford Street, Newcastle, “ ee for Ships,’’ T. Catten, 
6.15 p.m. —SWansEA Group: S. Wales Electricity Board’: : 
Demonstration a. The Kingsway, Swansea, “* Out 
Illuminations,”’ H. Carpenter, 6.30 7 

Thurs., Feb. 3rd. __Carpirr CENTRE : S. Wales Electricity Board’s 
Demonstration Theatre, The ‘Hayes, Cardiff, “ Out door 
Illuminations,”’ H. Carpenter, 5.45 p.m.——GLasGow CENTRE 
a of Engineers and Shipbuilders in Scotland, 39, 

mbank Crescent, Glasgow, “ Studies in haa | Lighting,” 

i M. Waldram, 7.30 p.m.——NOTTING! CENTRE : 
Midlands Electricity Board, Smithy Row, Nottingham, = Light- 
ing for Sport,’” M. W. Peirce, 6 p.m. 


INCORPORATED age ENGINEERS 


To-day, Jan. 28th.—BiRMINGHAM : Imperial mere 
— “ Auto Controls Fe Plant, ” M. C. Rogei 


Mon., = 31st.—W. AND E. Yorks BRANCH: The University, 
‘en. “Reclamation of Worn Parts: Metal Spraying,” 


Tues., Pe. lst.—LONDON BRANCH : Royal Society of Arts, John 
Adam Street, Adelphi, Strand, W.C.2, a Debate, “‘ That this 
world would be a better place in which to live had the internal 
combustion engine never been invented,”’ 7 p.m 
Wed., Feb. 2nd.—LeiCesTeR BRANCH : of Art and Tech- 
nology, The Newarkes, Leicester, “‘ Fire tion and Fire 
Fighting in Industry,”’ 6.30 p. -m.- NN BRANCH 


Polygon Hotel, Southam: ton, “The Scope of = Works 
Engineer,’’ D. Holland, 7. 
Thurs., Feb. 3rd. —Paressonoucn “BRANCH : ros Hotel, 


Bridge Street, Peterborough, “‘ Overhead Cranes,’ W. Hey- 


wood, 7.30 p.m 


INSTITUTE OF FUEL 


Thurs., Feb. 3rd.—Merstysipe Sus-Sectrion : Members’ Visit 
to the Works of Imperial Chemical Industries, Ltd., East 
Lancashire Road, Kirkby, Liverpool, 2.30 p.m.——E. MIDLAND 
ew. ——— Derby, “‘ Methane Pro- 

’ F. J. Dent, 7.15 p.m. 

Fri., Feb. " ih —S. Sane Section: S. Wales Institute of 
Engineers, Park Place, Cardiff, “ Smoke Abatement,”” A. C. 
Monkhouse, 6 p.m. 


INSTITUTE OF METALS 
Tues., Feb. 1st.—OxrorpD Loca Section : Cadena Cafe, Corn- 


market Street, Oxford, ‘“‘ Deformation of Metals at High Rates . 


of Strain,”’ A. H. Cottrell, 7 p.m. 

Thurs., Feb. 3rd.—BiRMINGHAM LOCAL SECTION: James Watt 
Memorial Institute, Great Charles Street, Birmingham, ‘* The 
Effect of Trace Elements on the Properties of Iron and Steel,’’ 
N. P. Allen, 6.30 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 


Wed., Feb. 2nd.—EASTERN CENTRE: Albert Hotel, by + el 
, Some Factors Affecting Fuel Consumption,” W. T. Skinner, 


Pr dsg "Feb. 7th.—N.W. Centre : Engineers’ Club, Albert Square, 
Manchester, ‘* The Port of Manchester,’’ P. N. Reed, 7.30 p.m. 


INSTITUTE OF WELDING 


To-day, Jan. 28th._-_BIRMINGHAM BRANCH : James Watt Memorial 
Institute, Great Charles Street, Birmingham, “‘ The Influence 
of Welding on Stee! Building Structures,’ S. M. Reisser, 6 p.m. 

Wed., Feb. 2nd.—MANCHESTER BRANCH : Coll 

. “ Application of Welding in 
M. P. Henzell, 7.15 p.m. 

Thurs., Feb. 3rd.—N.E*(Tees-Sipe) BRANCH : Cleveland Scientific 
and Technical Institution, Corporation Road, Middlesbrough, 
“* Welding at Atomic Projects,”’ I. H. Hogg, 7.30 p.m. 


of Technology, 
‘ower Stations,” 


INSTITUTION OF CHEMICAL ENGINEERS 


, Jan. a —lMIDLANDS BRANCH : The Mev ney, Edmund 
**Sicet, irmingham, Annual General 2.30 p.m., 
Pm om of the Continuous solid 1 Bowl Centrifuge 
to , 4 mical and Allied Industries,’’ G. D. Kelsey, 3 p.m. 
——N.W. BRANCH : Engineers’ Club, Albert, Square, Man- 
chester, Annual General Meeting, 2.30 p “* Some Aspects 
of the Chemical Processes Ancillary to v aaale Energy,”’ Sir 
Christopher Hinton, 3 p.m. 


INSTITUTION OF CIVIL ENGINEERS 
To-day, Jan. 28th.—YORKSHIRE ASSOCIATION: Royal Station 
Hotel, York, “ Prestressed Units for Short-Span Highway 
Bridges,” A. D. Holland, 7 p.m. 
Great George Street. 
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London, $.W.1, “ The Design and Construct, 
of No. — at North Shields f S 
pany Lie k a pe or maith’ 8 Dock Com. 
Thurs., . ard.— . ASSOCIATION : Engineers’ Club, Aj 
Square, Manchester, ‘ Some Legal Aspects of Civil Engine 
Contracts,” W. D. T Hodgson, 6.30 p.m. tiie 


INSTITUTION OF ELECTRICAL ENGINEERS 


Tes. Feb. 1st.—MEASUREMENTS SECTION : Savoy ?| ace, Lond 
W.C.2, “ Electrical and Magnetic Measuremenis in’ an sae 
trical Engineering Factory,” D. d ec 


undson; “ Curren 
Summations with Current Transformers,” A. Hobson 540 
p.m.——N._ MIDLAND CENTRE: The University, Legis 
“* Modern Developments in Atomic Energy,” . EF. Allibone, 
6° a ray SCOTLAND Sus-CENTRE : Iton Hotel 
orth Bridge, Edin «: en of of Els ironic Com. 
puter, ” Short Papers by B. Pollard, Sheppard and 
N. Williamson, 7 p.m. 

Wed., Feb. 2nd.—LONDON STUDENTS’ SECTION : Savoy Place, 
London, W.C.2, “ The Sesceetion of Electric = Britain,” 
J, Eccles, 6.30 p.m.——S.W. SCOTLAND Sus-Cr> Instit, 
tion of Engineers and Shipbuilders, 29, Bim : Cae 
Glasgow, “A Study of Some of the Properties .{ Materials 

~—- &- — Reliability,’’ E. A. O” Donel! Ro! Ss, 7 p.m, 

These F IRDINARY MEETING : Savoy P'<c, London, 

W.C2, * =A ‘Snake of Distribution Cost,” 1D. J. Bolton, 

PF Feb. 7th.—INFORMAL MEETING : Savoy Place, London 

W.C.2, Discussion on “ The Problem of Radio {nterference,” 


opened by C. W. Sowton, 5.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 


To-day, Jan. 28th.—GENERAL MEETING, EDuCATIO™ Group ; | 
a Walk, Westminster, London, S as Co-operation 
n Engineering Research between = er hall Institutions and 
Sadeoes, -o. var ag C. Davies and F. H. R. Nixon, 5.30 p.m, 
Mon., Jan. 31st.—E. LANDS BRANCH : Rolie Royce Welfare 
Hall, N tingale Reed. Derk nh Rocket Ftopu on,” A. D, 
¥ p.m.——Dersy A CENTRE : iland Hotel, 

by, “ Rocket Pro: a is Baxter, A rr ).m, 
Tues., Feb. 1st.—S. WALES Brancu: S. Wales Institute of 
, Park Place, Cardiff, * Some Factors in the Selection 
of achinery for Cargo Liners, ” L. Baker, 6 p.m ESTERN 
Grapuates’ SECTION : Westinghouse Brake ani Signal Com. 


y, Ltd., Chippenham, a “ Some Aspects of Locomotive 
‘esting,”’ P. Perry, 6.30 
Wed., Feb. 2nd.—N.E. mapuaTes’ SECTION : King’s Col 
Newcastle upon Tyne, “ Heat Transfer to Liquids Throat 


Tubes,’’ T. L. Green, 7 p.m. TEAM GROUP : |, Birdcage 
Walk, Westminster, London, S.W.1, Discussion, * Utilisation 
o. By-product Heat from Hi pressure Generating Plants,” 
Thurs., Feb. 3rd.—EasteRN BRANCH: Forum Restaurant, 
Oxford, “ Some Mr. Newall, 


s of Aircraft Design,” 

7.30 p.m.——N. INDUSTRIAL ADMINISTRATION AND 
ENGINEERING PRODUCTION GROUP : Engineers’ Club, Albert 
Square, Manchester, “‘ Modern Heat Treatment Processes,” 

B. Keith, 6.45 p.m.——Yor KSHIRE GRADUATES’ SECTION : 
Royal Victoria Hotel, Sheffield, “‘ Theory and Practice Applied 
to the Manufacture of Saws,” R.D. Sawtell, 7.30 p.m. 

Fri., Feb. 4th.—AvuTOMOBILE DIVISION : Dorchester Hotel 

London, W.1, Dinner and Dance, 7 p.m. é 


INSTITUTION OF STRUCTURAL ENGINEERS 


To-day, Jan. 28th.—Mt LAND COUNTIES BRANCH : James Watt 
Memorial Institute, Great Charles Street, Birmingham, “ The 
Influence of Welding on Steel Building ‘Structures with Par- 
ticular Reference to Erection,’ = M. Reisser, 6 p.m. 

Mon., Jan. 31st.—WALES AND MONMOUTHSHIRE BRANCH: §. 
Wales Institute of Engineers, corgi “* Simple Plastic Theory, ” 
B. G. Neal, 6.30 p.m. 


INSTITUTION OF THE RUBBER INDUSTRY 


Mon., Feb. 7th.—N.E. BRANCH : Neville Hall, Mining Institute, 

Neville Street, Newcastle upon Tyne, ‘‘ Rubber Machinery,” 

. Bradshaw, 7 p.m.——-BURTON-ON-TRENT BRANCH: Mid- 

land Hotel, Station Street, Burton-onTrent, ‘‘ Rubber-Based 
Adhesives,”’ A. A. Round, 7.15 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 


To-day, Jan. 28th.—INFORMAL MEETING: Pepys House, 14, 
Rochester Row, London, S.W.1, “ Tubular Structure,” E. 
McMinn, followed by Film, “* The Tubewright,’’ 7 p.m. 

Wed., Feb. .—MIDLAND SECTION: James Watt Memorial 
Institute, Great Charles Street, Birmingham, “* Josiah Wedge- 
wood, Potter,’’ T. Lyth, 7 p.m. 

Fri., Feb. 4th—Fu.m Eveninc : Pepys House, 14, Rochester 
Row, London, S.W,1, “‘ Industrial Shunting,’’ and ‘“ Maritime 
Progress,’’ 7 p.m. 


MANCHESTER ASSOCIATION OF ENGINEERS 
Fri., Feb. 4th.—Engineers’ Club, Albert Square, Manchester, 
"Some Problems Associated with the Selection of Machine 
— for Heavy Engineering Production,’ J. Henderson, 
6.45 p.m. 


NORTH-EAST COAST INSTITUTION 
AND SHIPBUILDERS 
To-day, Jan. 28th.—Mining Institute, Neville Hall, Newcastle 


upon Tyne, “ Some Effects of Blade Section Shape on Model 
Screw Performance,’’ A. Silverleaf and T. P. O’Brien, 6.15 p.m. 


OF ENGINEERS 


REINFORCED CONCRETE ASSOCIATION 


Tues., Feb. 1st.—N.W. BRANCH : Liverpool Engineering Society, 
A The Temple, Dale Street, Liverpool, “* A Prestressed Concrete 
Bridge at Nottingham and Other Recent Works.” D. D 
Matthews, 6.30 p.m.——MIDLAND COUNTIES BRANCH: 
Birmingham and Midland Institute, Paradise Street, Birming- 
ree “ The Control of Reactions as a Prestressed Technique,” 

. J. Harris, 6 p.m 
wei. Feb. 2nd.—N.W. BRANCH : Sain s of Technology, Sack- 
ville yoy Manchester, “ A Prestressed Concrete Bridge at 

Nottingham and Other Recent Works,’ D. D. 

45 p.m 


Matthews, 


ROYAL INSTITUTION OF CHARTERED SURVEYORS 


Mon., Feb. 7th.—12, oe George Street, London, S.W.1, 
“ Roman London,”’ W. F. Grimes, 5. 30 p.m. 


ROYAL SOCIETY OF ARTS 


Wed., Feb. 2nd.—John Adam Street, Adelphi, Rapten. W.C.2, 
“ The Reconstruction of the Dutch Railways,’’ F. Q. den 
Hollander, 2.30 p.m. 


SOCIETY OF INDUSTRIAL ENGINEERS 
To-day, Jan. 8th. ea? Club, Albert Square, Manchester, 
A Cas: History,”’ D. J. Kerse, 7 p.m. 


WOMEN’S ENGINEERING SOCIETY 


Wed., Feb. 2nd—LoNDON BRANCH: 35, Grosvenor Place, 
London, S.W.1, “ The Work - the British Standards Institu- 
tion,” L. G, Watkins, 6,30 p.m 











